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Preface 


A Clinical Guide to Urologic Emergencies 


The burden of urological disease worldwide is driven by a range of common conditions, 
some of which impair health acutely and others through chronic pathophysiological pro- 
cesses. Urological emergencies, when untreated, can lead to death, permanent disability, 
and lifelong reductions in quality of life. History is replete with examples including urinary 
stone disease in ancient Egypt and descriptions of combat wounds by Ambrose Pare in the 
Renaissance; this book will highlight common indications for acute urological intervention 
as well the emergence of unforeseen mechanisms of injury such as necrotizing genital skin 
infections associated with the introduction of novel sodium-glucose cotransporter 2 
(SGLT2) inhibitors for diabetes and the contemporary battlefield injuries of such immense 
complexity as to require the re-engineering of military care. 

Variation in population demographics, access to care, workforce capacity, and technol- 
ogy have a profound effect on how a given segment of the population will experience ill- 
ness. The Global Burden of Disease, a tool to quantify health loss from hundreds of diseases, 
injuries, and risk factors, demonstrates that the determinants of health vary greatly by 
geography, whether continent-, country-, or county-level. These disparities have been 
brought into sharper focus by the pandemic of COVID-19, which exerts a disproportionate 
impact on individuals from minority populations in the United States and worldwide. 
These same at-risk populations also shoulder an excess burden of disease due to war, cyclic 
violence, road traffic injuries, and diseases for which access to emergency care is essential. 

Population growth worldwide, changing epidemiology of disease, and human migration 
and displacement will exacerbate emergency urological needs across the lifespan and 
across the spectrum of global wealth. For healthcare providers in high income countries 
(HIC), motor vehicle collisions, obstructing urinary calculi, urinary tract infections (UTD, 
and the cumulative burden of urological diseases associated with aging and comorbid 
chronic disease such as diabetes and cardiovascular disease will drive urgent and emergent 
healthcare utilization. Urological surgery to improve health in low and middle-income 
countries (LMIC) has a critical focus on the broader impact of road traffic accidents, ure- 
thral stricture, advanced benign prostatic obstruction and genitourinary infections. The 
Lancet Commission on Global Surgery achieved consensus that HIC actors should work in 
equal partnership with LMIC actors and should situate efforts to improve the delivery of 
surgical care within the broader health systems strengthening agenda. 


Preface 


The editors have collaborated to present a global perspective, encompassing a diversity of 
healthcare environments, patient populations, and authors to ensure that the content of 
this book will be relevant to the widest range of healthcare providers. Acknowledging that 
not all urological care can or should be delivered by urologists, we provide detailed infor- 
mation for first-line providers in urgent care, emergency, and office-based settings. Where 
indicated we call out alternative laboratory testing, imaging, and treatments for situations 
in which resources preclude the use of technology intensive and costly choices. Similarly, 
the publisher has aimed to provide a low-cost textbook with digital imprint to ensure wide 
accessibility. 

We organized the content by organ systems, allowing the reader to go from “top to bot- 
tom” of the genitourinary system, or cut to the chase and find a specific chapter as a point 
of reference. An important feature incorporates perspectives on traumatic injuries from the 
civilian and military environments. Unfortunately, war and road traffic will place increas- 
ing burdens on civilian populations and healthcare systems. Thus, the inclusion of military 
and civilian perspectives allows for innovation, cross pollination, and preparedness. The 
burden of congenital anomalies cannot be eradicated and will require surgical and non- 
surgical interventions across decades of a person’s life; early treatment can have enormous 
benefit and thus we include a chapter on neonatal emergencies. 

Completing this book in the midst of a global pandemic, it is important to recognize that 
diagnosis and treatment of many urological conditions will be deferred because of limited 
access to routine care, surgery, and even emergency services. The frequency of extreme 
weather events, resource scarcity, and other factors will likely lead to other severe disease 
outbreaks that will further limit access to care and drive greater pressure on emergency 
urological services. Thus, it is instructive to estimate the burden of the COVID-19 toll of 
deferred urological problems, which will come to the fore as pressure eases on ICU and 
Emergency Departments worldwide. We have added a special chapter on the topic. 
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Blunt Renal Injuries 
Lindsay A. Hampson and Nnenaya Mmonu 


Department of Urology, UCSF School of Medicine, San Francisco, CA, USA 


Epidemiology, Etiology, Pathophysiology 


Epidemiology and Etiology 


Kidneys are the most injured genitourinary organ in external trauma, and it is estimated 
that 1-5% of all traumas and 10% of abdominal traumas sustain a renal injury [1-4]. In a 
series consisting purely of blunt abdominal trauma mechanism, 15% of patients were 
found to have an injury to the kidneys [5]. Of all patients who sustain genitourinary trauma, 
over half of them involve the kidney [6]. A population-based study found the incidence of 
renal trauma to be 4.9 per 100000 population >16 years of age in the United States [4]. The 
majority of these patients were young and male, with 72% between the ages of 16 and 44 
and 75% male. In an analysis of pediatric genitourinary injuries, renal injuries were found 
to make up 3.5% of the cohort, but the incidence has not been defined [7]. 

There is variation in the etiology of renal trauma based on geographical location; series from 
Low and Middle-Income Countries (LMIC) suggest that the rates of penetrating trauma are 
high, with the majority of blunt trauma caused by road traffic accidents, assault, and falls 
[8-11]. In the More Economically Developed Countries (MEDC), the vast majority (90-95%) of 
renal injury is sustained by blunt trauma, which is caused by motor vehicle collisions (63%), 
falls (14%), sports injuries (11%), pedestrian accidents (4%), motorcycle crashes (2%), assault 
(2%), and the remaining from other causes [6, 12, 13]. Ina recent blunt renal trauma series, 80% 
of injuries were found to be grade I-II renal injuries, 9.5% grade III, 8.1% grade IV, and 2.7% 
grade IV [5]. Thus, imaging all renal injuries is unnecessary, and criteria have been developed 
(see below). Table 1.1 summarizes the large (n > 100) series with emphasis on blunt injuries. 


Pathophysiology 


Blunt trauma injury to the kidney is thought to occur as a result of kinetic energy 
transmission, often as a consequence of rapid deceleration forces or direct interaction of 
structures in the environment with the soft tissues and bones of the flank and then the 
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Table 1.1 Demographics of renal trauma. 


SERIES? [6] [14] [15] ea [4] [16] ie [17] [18] [19] 
Year published 1984 1986 1995 2001 2003 2012 2012 2013 2013 2014 
Renal injury (N) 154 132 2254 227 6231 1505 221 338 9002 105 
Renal injury (%) 2.9 3.25 n/a 1.4 1.2 n/a n/a n/a n/a n/a 
Blunt (%) 93.5 95.4 89.8 93.4 81.6 95.0 100 96.2 82.0 96.1 
Penetrating (%) 6.5 4.6 10.2 6.6 18.4 5.0 0 3.9 17.8 3.9 


Grade IV-V (%) n/a 14.6 10.9 29.3 21.1 23.5 


Blank cells indicate missing data. 
“Series with N < 100 not included. 
? Data showing grade and management of blunt renal injuries only. 


Diagnosis 


kidney. Studies using animal models have shown that the kidney has viscoelastic proper- 
ties and that damage occurs as a result of stresses that cause tissue deformations exceeding 
an impact energy threshold of 4J [20, 21]. A three-dimensional animal model also demon- 
strated that the primary site of load-bearing, where injuries result from, is the junction 
between the renal pelvis and the renal cortex [21]. Research has also demonstrated that 
the kidney with a fluid-filled structure (i.e. ureteropelvic junction obstruction, hydrone- 
phrosis, or renal cyst) may be more prone to rupture due to the hydrostatic pressure and 
resulting distribution of forces within the kidney [20, 22]. 

Children may have a higher risk of significant renal injury from blunt trauma and this is 
thought to be related to the proportionately larger kidney for their body size as compared 
to that of adults, the possibility of children retaining fetal lobulations that may predispose 
to parenchymal disruption, and the pediatric kidney having less protection due to lower 
perirenal fat content, weaker abdominal muscles, and less ossification of the rib cage 
[23, 24]. 

The proportion of patients with renal trauma found to have congenital anomalies varies, 
depending on different series, ranging from 1 to 23% [23]. One series that reviewed 
193 pediatric renal trauma patients found that just over 8% of patients had a congenital 
anomaly [25]. Data regarding renal trauma and congenital anomalies is somewhat mixed, 
with most studies suggesting that congenital anomalies increase the risk of significant 
renal injury and decrease the possibility of renal salvage, while other series suggest that 
there is no effect on morbidity or mortality [25-30]. Overall consensus is that pre-existing 
renal anomalies likely increase the vulnerability of kidneys in blunt renal trauma [4, 30]. 
They may also complicate the management of a renal laceration involving the collecting 
system or parenchyma (e.g. horseshoe kidney with complex arterial vasculature, UPJ 
(ureteropelvic junction) obstruction, etc.). 


Diagnosis 


Workup 


A complete history, including the crash mechanics and velocity of impact as well as known 
pre-existing renal disease or abnormality, should be obtained if possible. For example, renal 
injury frontal and side impact collisions may be impacted by direct contact from seatbelt 
and steering column [31]. Seatbelt use and airbag deployment are also important character- 
istics to note; absence of a seatbelt is associated with higher probability of thoracoabdomi- 
nal injury [32]. Compared to individuals who did not have airbag deployment with vehicle 
collision, those with frontal and side airbags have a 46 and 53% decrease in renal injury, 
respectively [33]. Vehicle characteristics are important given the association of increased 
crash test rating (i.e. safer car) with lower likelihood of thoracoabdominal injury [32]. 
Blunt trauma caused by a blow to the flank, rib fracture, or rapid deceleration injury 
should make clinicians suspicious for possible renal injury. Such mechanisms include inju- 
ries related to sports (in particular ice hockey, soccer, and football), ski and snowboarding, 
and motor vehicle versus pedestrian. Signs of renal injury from blunt trauma that may be 
noted on physical examination include gross hematuria, flank hematoma, and abdominal 
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or flank tenderness. Vital signs are important to obtain and monitor both in the field and 
upon arrival at the hospital, as hemodynamic stability drives evaluation and management 
of renal trauma. Laboratory examinations, including a creatinine, hematocrit, and urinaly- 
sis with microscopic analysis to evaluate for hematuria, should be obtained. 


Radiographic Evaluation 


The American Urological Association (AUA) has released guidelines to provide indications 
for imaging of suspected renal trauma [34]. Patients sustaining blunt injury that require 
diagnostic imaging are those who have gross hematuria, or those who have a systolic blood 
pressure of less than 90mmHg with microscopic hematuria. Additionally, any patients 
who are stable but have a mechanism of injury (e.g. fall from a great height) or physical 
examination (see above) findings concerning renal injury should also be imaged, as trauma 
patients may have renal injury, even in the absence of hematuria or shock [14, 35]. Based 
on the AUA Urotrauma Guidelines, children should be imaged with the same modality and 
criteria as adults. 

If imaging is obtained, a contrast enhanced CT (computed tomography) abdomen pelvis 
with immediate and delayed images is recommended, in order to visualize the kidney 
parenchyma and collecting system and to look for evidence of bleeding or urinary extrava- 
sation. The immediate phase is typically an arterial or early venous phase, which highlights 
the renal parenchyma and can be useful for evaluating for parenchymal laceration, intra- 
vascular contrast extravasation, and hematoma. The delayed phase, typically obtained at 
10-15 minutes after contrast administration, is useful to evaluate the collecting system of 
the kidney and the ureter. In addition, subtle findings on initial venous imaging such as 
perinephric stranding, hematoma, and low-density retroperitoneal fluid may prompt imag- 
ing with delayed phase to evaluate for a ureteropelvic or ureteral injury; a large medial 
urinoma or contrast extravasation on delayed images without distal ureteral contrast visu- 
alized is concerning for a renal pelvis or ureteral avulsion injury [36, 37]. 

Evaluating the size of a perinephric hematoma, the presence of intravascular contrast 
extravasation, and a medial laceration on CT can be useful, as these factors can predict bleeding 
complications and help guide management, as discussed in the management section (below). 

Renal injuries are classified by the Organ Injury Scaling of the American Association for 
Surgery of Trauma (AAST) [38] (Table 1.2, Figures 1.1 and 1.2). Grade I injuries are renal 
contusions or subcapsular hematomas without parenchymal laceration. Grade II injuries 
involve perirenal hematomas of the renal retroperitoneum or parenchymal renal lacera- 
tions that extend for less than 1cm. Once the laceration extends for greater than 1cm into 
the renal parenchyma, this becomes a grade III injury, with an elevation to grade IV if there 
is collecting system involvement (i.e. urinary contrast extravasation from the renal collect- 
ing system). Grade IV injuries also include contained hilar vascular injuries, such as injury 
to the main renal artery or vein. Grade V injuries are so-called “shattered” kidneys and 
renal hilar avulsion injuries that cause devascularization of the kidney. Revisions have been 
proposed to this classification in order to include previously undescribed injuries and 
reclassify other injuries to facilitate more appropriate alignment of classification and 
management/outcomes, particularly in order to better classify vascular (such as segmental 
vessel injury) and collecting system injuries, though these revisions have not been formally 
accepted [40-43]. 


Diagnosis 


Table 1.2 2018 American Association for the Surgery of Trauma (AAST) organ injury scale [38]. 


Grade Description of Injury 
I Subcapsular hematoma and/or parenchymal contusion without laceration 
Il Perirenal hematoma confined to Gerota fascia 


Renal parenchymal laceration <1 cm depth without urinary extravasation 

Ill Renal parenchymal laceration >1.0cm parenchymal depth without collecting 
system rupture or urinary extravasation 
Any injury in the presence of a kidney vascular injury or active bleeding contained 
within Gerota fascia 

IV Parenchymal laceration extending into urinary/collecting system with urinary 
extravasation 
Renal pelvic laceration and/or complete ureteropelvic disruption 
Segmental renal vein or artery injury 
Active bleeding beyond Gerota fascia into retroperitoneum or peritoneum 
Segmental or complete kidney infarction(s) due to vessel thrombosis without 
active bleeding 

Vv Main renal artery or vein laceration or avulsion of hilum 
Devascularized kidney with active bleeding 
Shattered kidney with loss of identifiable parenchymal renal anatomy 


Ñ 


ASY Grade IV | 


Figure 1.1 American Association for the Surgery of Trauma (AAST) Organ Injury Severity Score for 
the Kidney. Source: from Campbell-Walsh, 10th Edition with permission [39]. 
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Figure 1.2 CT images of renal injuries including: (a) axial view of a left subcapsular hematoma 
(AAST Grade l); (b) a large right perinephric hematoma and a 2-cm parenchymal laceration 

(Grade III); (c) intravascular contrast extravasation into a right perinephric hematoma (Grade III); 
(d) coronal view of a left upper pole perfusion defect consistent with a segmental vascular injury 
(Grade IV); (e) a right medial parenchymal laceration with urinary contrast extravasation (Grade IV); 
and (f) a shattered left kidney with hematoma, contrast extravasation and multiple parenchymal 
fragments (Grade V). Source: courtesy of Alex Skokan, MD. 


Management 


If CT is not available, or if the patient is brought directly to the operating room for 
exploration without first obtaining imaging, and renal injury is suspected due to hematu- 
ria or a perinephric hematoma, a one-shot intravenous pyelogram (IVP) can be useful, 
primarily to confirm the presence of a contralateral kidney, and secondarily to identify 
injury of the kidney of interest, although it is much less sensitive to detect injuries than 
CT (see image) [44]. A one-shot IVP is obtained by administering 2 ml/kg IV bolus of 
contrast with a single x-ray of the abdomen obtained 10-15 minutes later. The radio- 
graphic image quality can be limited by under-resuscitation, hypotension, significant 
edema, or renal dysfunction. One study evaluated the quality and usefulness of one-shot 
IVP in the operative setting, finding that the average quality score was 3.84/5 with only 
1/50 studies found to be unintelligible, and the majority (66%) were good or of excellent 
quality. The average usefulness score was 3.96/5, with only 1 imaging study considered 
worthless and the majority (72%) considered important or critical for determining 
urological management. 

Other imaging modalities such as ultrasound, radionucleotide scintigraphy, and angiog- 
raphy are not recommended for initial evaluation of renal injuries but may be useful during 
subsequent management. 


Management 


Non-operative Management 


Patients with high-grade renal injuries who are hemodynamically stable can be managed 
non-operatively, involving hospital admission, intensive care monitoring, bed-rest, hydra- 
tion, and serial hematocrit checks [34]. Over time, data have shown that the majority of 
renal injuries can be safely managed in a non-operative manner, with the potential benefits 
of preserving renal function and limiting morbidity [45]. 

Most stable patients with urinary extravasation can be managed non-operatively initially, 
as long as they do not have concern for a renal pelvis or ureteropelvic junction injury. 
Management may involve bladder drainage in order to facilitate collecting system drainage 
and/or antibiotics, although evidence is lacking to support these. Urinary extravasation can 
resolve spontaneously without intervention, with rates of spontaneous resolution near to 
90% [46-48]. Guidelines support initial non-operative management of patients with uri- 
nary extravasation, given the possibility of spontaneous resolution and avoiding risks of 
injury during stent placement, risks of anesthesia, and the possibility of retained stents due 
to patients being lost to follow-up [34]. If there is any concern for complications with non- 
operative management (such as fever, enlarging urinoma, ileus, infection) or the urinary 
extravasation is found to be persistent on repeat imaging, ureteral stent placement is indi- 
cated. Some of these patients will require additional drainage with a nephrostomy tube 
and/or perinephric drain [47-48]. 

The AUA Urotrauma Guidelines suggest that patients who sustain high-grade injury 
(AAST IV-V) that are managed non-operatively should undergo repeat imaging after 
48 hours or earlier, if needed, given the higher risk of complications and possibility of 
requiring future intervention [34]. In addition, conservatively managed patients who have 
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clinical signs of complications — such as fevers, persistent severe pain, dropping hematocrit, 
hemodynamic instability, worsening flank or abdominal pain - should also undergo repeat 
imaging [34]. 

Repeat imaging may be tailored, based on an individuals’ specific injury [49]. A recent 
analysis of repeat imaging in patients with grade IV and V renal trauma at three Level 1 
trauma centers over 19 years (1999-2017) demonstrated that in asymptomatic patients, one 
in eight patients would need to undergo repeat imaging to identify a patient who needs 
surgical intervention. The primary goal of repeat imaging is to evaluate for complications 
and to evaluate clinical deterioration. Hence, it may be more worthwhile to obtain repeat 
imaging in patients who have signs of bleeding or history of collecting system injury as in 
this study. Stable patients with grade I-III injuries generally do not require repeat imaging. 
Repeat imaging with ultrasound instead of CT has also been advocated, based on studies 
showing that imaging of asymptomatic patients would not have altered clinical decision- 
making and concerns that standardized repeat imaging with CT exposes patients to unnec- 
essary radiation exposure, and drives up healthcare costs, and ultrasound has been shown 
to be an effective alternative for detecting clinically relevant complications [20, 50, 51]. 


Indications for Intervention 


As per AUA guidelines, “the surgical team must perform immediate intervention (sur- 
gery or angioembolization in selected situations) in hemodynamically unstable patients 
with no or transient response to resuscitation” [34]. Intervention is also required in the 
face of an enlarging or pulsatile perinephric hematoma seen on exploratory laparotomy, 
suspected renal pedicle avulsion, or a ureteropelvic junction disruption [52]. Depending 
on the clinical circumstances, these patients may require surgery or angioembolization. 
Several studies have evaluated high-risk criteria for bleeding associated with renal 
trauma, finding that intravascular contrast extravasation, perinephric hematoma of 
more than 3.5cm in distance from the parenchymal edge to the hematoma edge, and 
medial renal laceration are risk factors associated with surgery for hemodynamic 
instability and the presence of two or more of these risk factors predicts the need for 
intervention [41-43, 53]. Studies have also evaluated these predictors for angiographic 
embolization, finding that perirenal hematoma size and intravascular contrast extravasa- 
tion are indicators for embolization [54]. One study showed that patients without intra- 
vascular contrast extravasation and who have a perirenal hematoma rim distance of less 
than 25mm are unlikely to benefit from angioembolization, and that combining CT 
scan-specific criteria such as intravascular contrast extravasation, perirenal hematoma 
size, and discontinuity of Gerota’s fascia, can be predictive of the need for renal emboli- 
zation [55]. Intravascular contrast extravasation alone is not an indication for angioem- 
bolization or other interventions. It is important to consider the hemodynamic status of 
the patient and blood transfusion requirements. 

Building on these single institution series, the Multi-institutional Genito-Urinary 
Trauma Study Group created a nomogram to predict bleeding interventions after high- 
grade renal injury [56]. The variables in the nomogram (Figure 1.3) include mechanism of 
injury, hemodynamic status, associated injuries, and the following radiographic features: 
intravascular contrast extravasation; para-renal hematoma; and hematoma size. 
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Figure 1.3 Nomogram predicting bleeding interventions after high-grade renal injury. Points are 
awarded for “Yes” responses for the first 5 parameters; the Hematoma Rim Distance is scored by 
tracing a line down to the Points scale in red. Total Points is based on the sum of the first 5 scores 
and the points from the scale in red. Source: from the MiGUTS Study, with permission [56]. 


With an area under the ROC (receiver operator characteristic) curve of 0.83, the nomo- 
gram performed better than AAST grade alone (which was not included in the nomogram). 
The nomogram, once externally validated, could provide a means to incorporate imaging 
data into decision-making on renal trauma management. Future work will be necessary to 
determine how to apply the nomogram in clinical care settings. Potential applications 
include its use to triage patients to ICU (intensive care unit) versus floor care for isolated 
grade III and IV injuries; ensure appropriateness of transfer from a lower to higher trauma 
designation hospital; to select treatment of bleeding with embolization versus transfusion 
alone; and support decisions for operative management [57]. 


Non-operative Versus Operative Management 


Published series of blunt trauma patients suggest that when patients are matched by grade 
and mechanism injury in an operative cohort compared to a more conservatively managed 
cohort, the rate of nephrectomy is lower, complication rates are similar, and length of hos- 
pital stay is shorter with non-operative management [45-47]. Further supporting these 
data, hospitals that have changed their policy toward renal trauma management to adopt a 
non-operative approach have shown significant (two- to six-fold) decreases in renal explo- 
ration and nephrectomy without seeing an increase in complications [46, 58, 59]. 

In comparing series of grade IV blunt injuries that were managed non-operatively ver- 
sus those who underwent exploration, higher rates of exploration are associated with 
higher rates of nephrectomy [45]. Finally, there are published series of patients who have 
sustained blunt grade V injuries, usually complex parenchymal lacerations (e.g. shattered 
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kidney), who have been managed non-operatively. One such series showed a decreased 
rate of transfusions, shorter ICU length of stay, and fewer complications for the conserva- 
tively managed patients [60]. A recent series showed that just over 50% of grade V injuries 
were able to be managed non-operatively [61]. 


Predictors of Failure of Non-Operative Management in Blunt Renal Trauma 


Of patients with blunt trauma that are managed non-operatively, some will ultimately 
require intervention. One series evaluated 154 patients (74.8%) with grade IV and V blunt 
renal trauma, who were initially managed non-operatively, with a non-operative manage- 
ment failure rate of 7.8% [62]. The vast majority of the patients who failed non-operative 
management did so because of their kidney injury and none of these patients had compli- 
cations as a result of delayed operative management. The mean time to failure was just over 
24hours and the majority (83.3%) failed due to hemodynamic instability. Independent pre- 
dictors based on multivariate analysis found that those who were older than 55 years of age 
or who were injured as a result of a motor vehicle collision were more likely to fail non- 
operative management. 

Patients with a devitalized parenchymal segment were more likely to require delayed 
surgical intervention in a series of grade IV and V blunt renal injuries [46]. Of 40 patients 
with grade III-V blunt renal injury initially managed non-operatively, the risk of delayed 
nephrectomy in three was associated with grade IV injuries and secondary hemorrhage 
which necessitated intervention [8]. 


Management of Renal Trauma in Children 


Many studies have evaluated management of renal trauma in children, with the consensus 
being that most cases of pediatric renal trauma can be safely managed non-operatively 
[63-67]. Rates of delayed intervention vary from very low to as high as 30-40% [64, 68-70]. 
In one series of 16 patients managed non-operatively, 44% required intervention with a 
mean time to intervention of 11 days; collecting system clot and larger urinoma were sig- 
nificant predictors of failure of non-operative management [70]. Consistent with findings 
in adults, another group found that medial contrast extravasation among grade IV renal 
injuries was a significant predictor of failure of non-operative management [71]. 

Given the lack of age specific guidelines, pediatric blunt renal trauma guidelines were 
established recently by the Eastern Association for Surgery of Trauma and Pediatric 
Trauma society [72]. These guidelines advocate for nonoperative management in high- 
grade trauma sustained by hemodynamically stable patients based on synthesis of evi- 
dence. For those undergoing intervention, angioembolization is highly recommended. 
Finally, routine blood pressure monitoring is recommended after injury. 


Operative Technique 


Absolute criteria for renal exploration include life-threatening hemorrhage with hemody- 
namic instability, renal pedicle avulsion, and expanding, pulsatile, or uncontained retrop- 
eritoneal hematoma [25]. Renal exploration and repair in the acute injury setting is 
accomplished through a midline abdominal incision. While prior literature supported early 
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Figure 1.4 Surgical approach to renal vessels and hilum. (a) Relationship between the aorta, 
posterior peritoneum, and inferior mesenteric vein. (b) Window in posterior peritoneum made 
between aorta and inferior mesenteric vein demonstrating each renal artery and vein. (c) After 
vascular exposure and isolation, exploration of Gerota fascia obtained by incising the peritoneum 
lateral to the descending colon (for a left-sided injury). Source: from Campbell-Walsh, 10th Edition, 
with permission [39]. 


vascular control, more recent literature is inconclusive on this approach [73-77]. Surgical 
exploration often results in nephrectomy [4]. The renal vessels can be isolated before 
Gerota’s fascia is opened in order be able to rapidly occlude hilar vessels if significant bleed- 
ing is encountered; some advocate that this technique may lead to a lower rate of nephrec- 
tomy, whereas other data have shown no difference in nephrectomy rate, transfusion 
requirements, or blood loss with potential for increased operative time [76, 77]. If early 
vascular control is desired, an incision can be made in the mesentery medial to the inferior 
mesenteric vein and extended to the ligament of Treitz in order to expose the aorta [78] 
(Figure 1.4). The left renal vein will be visualized first as it passes anterior to the aorta and 
the renal arteries can then be identified posterior to the left renal vein, and the right renal 
vein will be identified anterior to the right renal artery. Once the hilar vessels have been 
isolated, the colon can then be reflected medially by incising the peritoneum lateral to the 
colon and exposing Gerota’s fascia. The kidney can then be fully exposed in order to identify 
any injuries. The other approach to the renal hilum involves initial reflection of the colon 
and its mesentery, keeping out of Gerota’s fascia, followed by isolation of the renal hilum for 
early vascular control, and renorrhaphy, partial nephrectomy, or nephrectomy. 

Repair of the kidney depends on the injuries present, and should involve debridement of 
nonviable tissue, suture ligation of individual bleeding vessels to obtain hemostasis, water- 
tight closure of any collecting system defects, and closure or re-approximation of the paren- 
chymal defect when possible. If parenchymal closure is difficult, techniques such as 
thrombin-soaked Gelfoam bolsters or omental interposition or pedicle flap may be helpful. 

In terms of renovascular injuries, segmental arterial and venous injuries can be managed 
with suture ligation, realizing that ligation of segmental arteries will result in ischemia to 
the corresponding renal parenchyma. Repair of the main renal artery and vein should be 
attempted when safe with 4-0 or 5-0 prolene suture; however, many injuries of the main 
hilar vessels will result in nephrectomy (Figure 1.5). 
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Figure 1.5 Surgical management of vascular injuries. (a) Schematic showing injury to different 
portions of the renal vein. Injuries are repaired (b) or divided (c), depending on location and size. 
Source: from Campbell-Walsh, 10th Edition, with permission [39]. 


Issues in Operative Technique for Blunt Trauma 


Renal trauma may be incompletely staged and this can be an important determinant for 
renal exploration. If exploration occurs before complete staging has been accomplished, a 
one-shot IVP or retrograde pyelograms can be performed in the operating room (see above), 
or the kidney and/or ureters can be directly inspected during an abdominal exploration [79]. 

In cases of renal trauma, it is important to have familiarity with damage control maneu- 
vers. It is particularly important in patients who do not have life-threatening renal injury. 
In cases of uncontrolled bleeding, vascular control is paramount. Renal pedicle access by 
blunt dissection over psoas fascia allows for application of a large vascular clamp. Once this 
is done, then the kidney can be evaluated and nephron sparing techniques can be applied. 
Another consideration is in cases where the patient is unstable for kidney exploration and 
repair in the setting of active bleeding. In this case, packing the renal fossa with delated 
intervention is an alternative to nephrectomy. This would allow for appropriate staging in 
patients who were initially unstable for imaging. This staging may allow for the patient to 
have non-operative management and/or angioembolization. 


Complications and Follow-Up 


Complications after renal trauma are reported to be rare, occurring in about 5% of cases in 
modern series, although true rates of long-term complications are difficult to define given 
the lack of long-term follow-up in the trauma population [25]. One retrospective series of 
grade IV and V blunt renal trauma evaluated the incidence of complications among patients 
who underwent immediate intervention versus those who were conservatively managed, 
subdividing the conservatively managed patients into successes and failures of conserva- 
tive management [62]. Most were successfully managed conservatively. Of those who 
underwent successful conservative management (n = 142), 10.6% developed urinoma 


Complications and Follow-Up 


Table 1.3 Long-term follow-up recommendations. 


AUA [34] EAU [81, 82] SIU/WHO [30] 

Periodic monitoring of Physical exam, urinalysis, No specific recommendations, 
blood pressure up to a year “individualized radiological but consensus statement does 
after injury. Do not investigation,” serial blood cite a study that recommends 
recommend routine DMSA pressure monitoring, and that all grade IV/V injuries 
(dimercaptosuccinic acid) or determination of renal follow-up with documentation 
other functional nuclear function. Follow-up should of renal function by 

scans. continue until healing is quantitative assessment 


complete and lab findings 
have stabilized. Monitoring 
may need to be continued 
for years to evaluate for 
latent renovascular 
hypertension. 


(n = 15) and 16.9% had hematuria (n = 24). Of those who failed conservative management 
(n = 12), 8.3% developed urinoma (n = 1) and 8.3% had persistent hematuria (n = 1). 

Short-term monitoring and follow-up of trauma patients as previously specified is 
intended to detect complications and offer appropriate additional interventions. In terms 
of long-term follow-up, there is no consensus and most trauma series do not have the 
luxury of long-term follow-up, given the difficulty in following up the acutely injured 
population [80]. Follow-up recommendations are outlined in Table 1.3. 


Secondary Hemorrhage 


Delayed hemorrhage can be a life-threatening complication of renal trauma that can arise as 
a result of the parenchymal injury itself, segmental arterial bleeding, or ruptured arterio- 
venous fistulas (AVFs) or pseudoaneurysm. One series of grade III-IV blunt injuries managed 
conservatively showed a 13-25% rate of delayed bleeds, with the caveats that this number 
varies significantly by series and the majority of the literature on delayed bleeds is derived 
from cases of penetrating trauma [83-85]. Delayed bleeds occur most commonly in the first 
2-3 weeks after trauma, although case reports have described trauma-associated bleeds occur- 
ring as late as 15 or 20years after the initial insult [83-84]. Renal trauma from stab wounds 
demonstrate the onset of secondary hemorrhage in the 2-36 day time-frame [30, 85]. 

Most often, delayed hemorrhage is caused by AVF or pseudo-aneurysm [30]. The occur- 
rence of pseudoaneurysm after blunt renal trauma has been described in several case 
reports but is a rare event [83, 86-88]. Pseudoaneurysms are believed to form within the 
surrounding tissue after an arterial injury, likely due to shear stress in blunt renal trauma, 
where the space around the vascular injury is temporarily tamponaded by coagulation. 
Eventually, the intravascular and extravascular space may recannulate after degradation of 
the clot and necrosis of the surrounding tissue, leading to the formation of a pseudoaneu- 
rysm which can then grow and rupture [88, 89]. 

AVF after blunt trauma is also a rare event and has been reported in several case reports 
[89-92]. The fistula is thought to form as a result of injury to an arterial and venous vessel 
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in close proximity to one another, usually within the renal parenchyma. Initially the bleed- 
ing may be tamponaded by a clot; as the hematoma resorbs the arterial bleeding can 
resume, draining into the nearby lacerated vein [30]. 

New-onset or worsening hematuria, flank pain or mass, a hematocrit drop, or even new- 
onset hypertension, should raise suspicion of a delayed bleed. CT angiogram or conven- 
tional angiography is the preferred imaging modality, although diagnosis can be made with 
ultrasound in some cases. Depending on the etiology, either surgical management or super- 
selective embolization is employed, with the goal of controlling the bleeding while preserv- 
ing as much renal function as possible [93, 94]. Complications of embolization can include 
abscess, infarction, renal insufficiency, and pulmonary embolization of coils [25, 84,94, 95]. 


Urinary Extravasation and Perinephric Abscess 


AUA guidelines recommend that clinicians perform urinary drainage in the presence 
of complications such as enlarging urinoma, fever, increasing pain, ileus, fistula, or 
infection [34]. 

Renal injuries with urinary extravasation at initial presentation can for the most part be 
managed conservatively given the high rates (90%) of spontaneous resolution, although 
repeat imaging is intended to evaluate for persistent leaks, urinomas, or perinephric 
abscesses that require additional intervention such as stenting or percutaneous drainage 
[30, 46-48, 98]. Patients with devitalized renal parenchyma in conjunction with urinary 
extravasation tend to have increased morbidity and may require more aggressive man- 
agement [80, 96-98]. Furthermore, patients with concomitant injuries, such as pancre- 
atic or colonic injuries, may also have a higher likelihood of developing complications 
[25, 99-101]. 

In practice, approximately 29% of patients with high-grade renal trauma undergo ureteral 
stent placement [102]. To date, there are no standard guidelines on duration of stent and 
Foley placement for high-grade renal trauma. In a single center series, an indwelling stent 
for six to eight weeks was associated with favorable outcomes [103]. Generally, maintaining 
a Foley catheter while a stent is in place helps with healing by preventing antegrade reflux 
of urine to the kidney, minimizing pressure in the collecting system, and enhancing 
urinoma drainage. Percutaneous drains may be necessary in cases of increasing urinoma 
size, complexity, and/or infection [34]. 


Renal Insufficiency 


The lack of long-term follow-up after renal trauma makes it difficult to determine the true 
rates of renal insufficiency after trauma. One study evaluating pediatric blunt renal trauma 
patients managed conservatively found that the decline in percentage of renal function of 
the injured renal unit correlated to the severity of renal injury, with 44.74 8.4% residual 
function for grade II-III injuries, 41.8+9.2% residual function for grade IV injury, and 
29.5+7.9% residual function for grade V injuries [104]. Notably, all patients had normal 
serum creatinine at follow-up. This group re-assessed renal function for a subset of these 
patients at one year post-injury, finding that renal function remained stable over this time 
period [105]. These results are supported by another study of 67 renal injuries (36% blunt 
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trauma) that underwent post-injury dimercapto-succinic acid renal scan and found that 
the mean decrease in renal function corresponded to injury grade (p <0.005 in multivariate 
analysis), with a mean decrease in renal function of 15% for grade III, 30% for grade IV, and 
65% for grade V injuries [106]. In multivariate analysis, there was no difference in the 
decrease in renal function between blunt and penetrating renal injury or in those injuries 
that were managed operatively versus conservatively. 

A study evaluating 52 patients who underwent renal reconstruction after renal trauma 
found that renal function on the reconstructed side had a mean 39.3% preservation of func- 
tion, with 81% of patients having more than one-third function of the injured kidney based 
on radionucleotide scintigraphy [107]. 

Two studies evaluated the rates of chronic kidney disease after renal trauma. One com- 
pared trauma patients with and without renal injuries, finding that 230 patients without 
renal injury had an incidence of acute kidney injury of 17.4% compared to 11.4% in the 
patients with renal injury [108]. Another multi-institutional study evaluating grade IV and 
V renal injuries (49% blunt trauma) found that 6/89 patients developed chronic kidney 
disease (CKD) (serum creatinine range 2.0-15.6 mg/dl), and of these 6 patients, 3/5 with 
long-term follow-up developed progressive and permanent renal failure requiring dialy- 
sis [80]. 


Hypertension 


Patients who sustain renal injuries have an increased risk of renovascular hypertension, 
with the incidence of renal trauma-related hypertension estimated between less than 1 and 
5% [80, 109-113]. As a result, the European Association of Urology (EAU) Guidelines on 
Urologic Trauma, the AUA Urotrauma Guidelines, and the Societé Internationale 
d’Urologie (SIU)/World Health Organization (WHO) consensus statement on renal trauma 
all recommend periodic monitoring of blood pressure for the first year after injury, at least 
for a subset patients who have sustained high-grade injuries [30, 37, 82]. 

Renovascular hypertension after trauma may develop through several mechanisms: 
renal arterial stenosis or occlusion, parenchymal compression caused by perinephric 
hematoma (Page kidney), or chronic scar formation [109, 111, 112]. All of these result in a 
reduction in renal blood flow, which can then cause a unilateral hypersecretion of renin 
and resultant hypertension [25]. Diagnosis can be made with selective angiography and 
renal vein renin levels. Older studies of renal trauma patients show rates of new-onset 
hypertension of 4-5%, with onset between two weeks and eight months of injury [80, 112]. 
A more recent study contradicts these data, showing that patients who develop hyperten- 
sion after renal trauma typically manifest it during their initial hospitalization and do not 
develop delayed hypertension during long-term follow-up [114]. 

Management with medications, renal artery bypass surgery, or partial or total nephrec- 
tomy has been shown to be effective [109, 111]. In studies evaluating conservative treat- 
ment, treatment rates range from 28 to 50% [111, 112, 114, 115]. In terms of surgical 
management, elevated renin levels from the affected kidney have been shown to predict a 
good response to surgical treatment [111, 116]. Similarly, one study showed that in cases of 
arterial stenosis or occlusion, early nephrectomy within the first year after injury had better 
response rates compared to delayed nephrectomy [108]. 
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Other Complications 


Other rare complications may include chronic pyelonephritis, post-trauma hydronephrosis, 
stone formation, fistulae, or flank pain [82]. 


Mortality 


Mortality following renal trauma is nearly always related to associated injuries, with 
estimates of renal trauma driven mortality at less than 0.1% of all deaths [25]. 


Conclusions 


The majority of renal trauma is caused by blunt mechanisms, making it vital for emergency 
providers and surgeons to have an understanding of renal trauma. Evaluation and manage- 
ment of blunt renal trauma has evolved significantly over the past decade. Guidelines 
from urologic societies have helped to disseminate indications for imaging and managing 
high-grade kidney injuries. Over time, there has been an evolution toward non-operative 
management, as data have shown good success with conservative approaches. The goal of 
diagnosing and managing renal trauma should be to preserve renal function, and this 
includes appropriate treatment of complications and failed conservative management. 
Long-term follow-up and assessment of renal function in these patients is lacking and 
requires updating. 
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Introduction 


The World Health Organization (WHO) defines traumatic injuries as either intentional 
(interpersonal violence related, war-related, or self-inflicted injuries) or unintentional injuries 
(motor vehicle collisions, falls, etc.). Traumatic injuries are the leading cause of death in the 
United States for people aged 1-44 years [1]. Worldwide, traumatic injuries are the ninth 
leading cause of death and disproportionately affects males and those in low and middle- 
income countries (LMIC) [2]. By 2030, the WHO projects a 28% increase in global deaths due 
to trauma and injury [3]. 


Civilian Versus Military Trauma 


In civilian trauma, the kidneys are the most commonly injured genitourinary (GU) organ. 
The kidneys are injured in 1-5% of trauma patients and comprise up to 24% of traumatic 
solid abdominal organ injuries [4-6]. Stratifying by mechanism, there is wide geographical 
variation for penetrating renal injury (PRI) versus blunt renal injury (BRI) and the reported 
range for PRI is between 10.9 and 43.9% of all renal injuries [7-9]. 

Historically, in wartime trauma, the kidneys were the predominant GU organ injured 
during conflicts in the early and mid-twentieth century. Hugh Hampton Young described 
the GU injury patterns for Allied Forces in World War I and noted a 7.3% incidence of renal 
trauma at time of laparotomy with a 50% mortality rate [10]. These were almost all pene- 
trating injuries, with 93.9% of soldiers having a concomitant hollow viscous injury. 
Surprisingly, the nephrectomy rate was only 18.1% [10]. There has been a paradigm shift in 
GU injuries due to advancements in technology - specifically the use of Kevlar body 
armor - resulting in a significant decline of PRIs and an increase in complex lower tract 
blast injuries, the signature GU injury of the recent conflicts in the Middle East [11-14]. 

Although penetrating trauma is seen in both civilian and military trauma, mechanisti- 
cally they vastly differ. Civilian penetrating trauma has an equal distribution between stab 
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and gunshot wounds (GSW) and the majority of GSW are low-velocity handguns [15]. 
Military penetrating trauma is usually due to high kinetic weapons such as rifles or due to 
blast injury (BI). However, due to the global increase of terror attacks and mass shootings, 
managing patients with injuries from these high kinetic weapons among civilian surgeons 
is increasing, so understanding how to manage these injuries is paramount. 


Pathophysiology of Penetrating Trauma 


Low-velocity weapons, such as knives, lead to local tissue damage and effects along the 
tract of penetration. High-velocity projectiles, such as bullets and shrapnel, result in wider 
tissue injury. This is governed by the formula KE = MV’, where KE is kinetic energy, M 
is the bullet mass, and V is the velocity. On average, a rifle (such as the AK-47 or M-16A1) 
has a bullet velocity 2-3 times greater than a standard handgun. This translates into 4-9 
times greater kinetic energy (holding mass constant), thus causing greater damage. There 
are two areas of projectile-tissue interaction in missile wounds - the permanent and tem- 
porary cavity. The permanent cavity is due to local tissue damage and necrosis due to the 
projectile, whereas the temporary cavity is caused by the transient lateral displacement of 
tissue [16]. Due to varying bullet characteristics, such as fragmentation, weight, and yaw 
patterns, bullets can cause variable and significant damage in the temporary cavity that 
may seem out of proportion to the entry or exit wound. 

Injury from explosions are classified into: (i) primary BI due to the interaction of the 
blast wave with gas-filled structures; (ii) secondary BI due to ballistic trauma resulting from 
fragmentation wounds from the explosive device or the environment; (iii) tertiary BI due to 
displacement of the victim or environmental structures, which are largely blunt injuries; 
and (iv) quaternary BI or burns, toxins, and radiation contamination [17]. Most primary BI 
do not result in surviving causalities because these patients would have been so close to the 
blast epicenter that they likely sustained lethal injuries. The pressure wave caused by blasts 
cause damage primarily to gas-containing organs, such as the lung; the kidneys are remark- 
ably resilient to the pressure effects of blasts, although renal pelvis injuries have been docu- 
mented [18]. The kidneys are mainly injured by the secondary and tertiary mechanisms. 
The PRI from blasts have pathophysiology similar to more common injury patterns, such 
as GSW. Although these fragments are often much smaller than bullets, they may cause 
more tissue damage due to the sheer number of fragments and because the velocity of 
these fragments can be over twice that of a rifle. 


Anatomy 


It is imperative to have a sound understanding of renal anatomy, as it is foundational for 
understanding associated injury patterns, surgical approach/reconstruction, and com- 
prises the basis of non-operative management (NOM). The kidneys are paired retroperito- 
neal organs extending from vertebral levels T12 to L3. From deep to superficial, the layers 
surrounding the kidney are as follows: renal capsule, peri-renal fat, renal fascia (Gerota’s 
fascia), and para-renal fat. Both Gerota’s fascia and the renal capsule are responsible 
for tamponade of renal hematomas and they are both critical layers for renorrhaphy. 
The vascular supply consists of one main renal artery and vein, although about 25% of 


Anatomy 
Table 2.1 AAST Renal injury classification, revised in 2018. 


Grade I e Contusion or nonexpanding subcapsular hematoma 
Grade II e Nonexpanding perirenal hematoma 

e <1cm cortical laceration without urinary extravasation 
Grade III e Cortical laceration >1cm without urinary extravasation 


e Any injury in the presence of a kidney vascular injury or active bleeding 
contained within Gerota’s fascia 


Grade IV e Laceration into collecting system 
e Segmental renal artery or vein injury 
e Active bleeding beyond Gerota’s fascia 
e Segmental or complete kidney infarction due to vessel thrombosis without active 
bleeding 
Grade V e Main renal artery or vein laceration or hilar avulsion 
e Devascularized kidney with active bleeding 


e Shattered kidney with loss of identifiable parenchymal renal anatomy 


Figure 2.1 The kidneys and 
their association with 
adjacent organs. Source: figure 
courtesy of Daniel Burke, 


University of Washington. 
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kidneys have accessory vessels. The internal structure can grossly be divided into the renal 
parenchyma and collecting system. The latter is comprised of minor and major calyces that 
coalesce into the renal pelvis. This distinction between the parenchyma and collecting sys- 
tem is important in renal injury grading (Table 2.1). 

The diaphragm, 11th and 12th ribs, quadratus lumborum, and psoas major surround 
both kidneys. Anteriorly, the right kidney is associated with the liver, duodenum, and right 
colic flexure; the left kidney is associated with the spleen, stomach, pancreas, left colic 
flexure, and jejunum (Figure 2.1). Even with the safeguards of their retroperitoneal loca- 
tion, they are susceptible to penetrating trauma and it is due to their close anatomical rela- 
tionship with other organs that isolated PRI is rare. 
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Evaluation 


The initial evaluation and management of trauma patients has been standardized accord- 
ing to set protocols with the development of the Advance Trauma Life Support (ATLS) 
guidelines. Thus, the initial management of the trauma patient has often been completed 
by the trauma team prior to the involvement of a urologist [19, 20]. Vitals sign monitoring 
is imperative in patients with PRI, as patient stability dictates management. 

For suspected renal trauma, the evaluation should include a thorough history and physi- 
cal examination to evaluate for penetrating entry and exit wounds, flank ecchymosis, rib 
fractures, and gross hematuria. In addition to standard laboratory testing, a urinalysis 
should be obtained to evaluate for microscopic hematuria - defined as three or more red 
blood cells per high power field. Hematuria is the best indicator of significant renal trauma; 
however, it is not a sensitive marker, as up to 20.8% of patients with renal trauma lack hema- 
turia [21, 22]. 


Imaging 


The goals of imaging are to grade the renal injury, identify injuries to other organs, and 
demonstrate the presence of a functioning contralateral kidney should operative manage- 
ment be necessary. The stability of the patient determines the initial imaging; unstable 
patients cannot obtain computed tomography (CT) scans if they require immediate inter- 
vention and the kidneys and retroperitoneum can be assessed in the operating room at time 
of laparotomy. In military trauma, due to forward deployment of combat support hospitals 
and the technological progression of expeditionary medicine, CT capabilities are available 
in war zones and the imaging principles remain congruent with civilian trauma [23]. 

All stable patients with penetrating abdominal trauma should get diagnostic imaging 
with IV contrast enhanced CT. To fully evaluate and stage renal trauma (Table 2.1), the 
American Urological Association (AUA) and European Association of Urology (EAU) rec- 
ommend a three-phase CT [24, 25]: 


1) Arterial phase: to assess for vascular injury and active contrast extravasation 
2) Nephrographic phase: to demonstrate parenchymal contusions and lacerations 
3) Delayed phase: to identify collecting system injury. 


In clinical practice, however, whole-body trauma imaging is often obtained prior to the 
involvement of the urologist and delayed phase imaging is not routinely performed. As the 
optimal timing for delayed phase imaging is 9-10 minutes after contrast injection, another 
CT can be performed without repeat IV contrast injection if performed within this time 
window [26]. If there is a PRI on initial imaging and delayed phase imaging was not 
obtained, a repeat CT with delayed phase imaging is still recommended and can be 
performed with low risk of contrast-induced nephropathy [27]. 

The American Association for the Surgery of Trauma (AAST) organ injury scale is the 
most commonly-used tool to grade traumatic solid organ injuries. The AAST staging for 
renal trauma is shown in Table 2.1. Although it was not originally designed to be a prognos- 
tic tool, studies have shown good correlation between higher-grade renal injuries and need 
for surgical intervention, such as nephrectomy [28, 29]. 


Management 


Findings on CT that are risk factors for hemorrhage and need for urgent invasive inter- 
vention are hematoma with a diameter greater than 3.5cm, medial renal laceration, and 
intravascular contrast extravasation. In patients with two or more of these risk factors, the 
risk of intervention to control bleeding was 66.7% [30]. 

For higher-grade renal lacerations (Grade IV-V), penetrating trauma, or patients 
experiencing complications (fever, ileus, etc.), both the AUA and EAU recommend 
repeat CT imaging two to four days after the initial trauma, because these are prone 
to developing complications from their initial injury, such as urinoma or persistent 
bleeding [24, 25]. 


Management 


Non-Operative 


Traditionally, penetrating trauma has been managed with surgical exploration. However, 
there has been a shift toward more conservative management of trauma patients due to the 
improvements in imaging, interventional radiology, and resuscitation techniques. For 
hemodynamically stable patients, NOM with close patient observation should be offered as 
first-line therapy [25]. 

Although there is no consensus algorithm for NOM and there is significant institu- 
tional variance, NOM generally comprise of bedrest, strict hemodynamic monitoring in 
a critical care unit, and serial hematocrit (HCT) checks. If patients are hemodynamically 
stable with down-trending HCTs, they should be resuscitated with blood products. The 
presence of active bleeding on imaging, combined with transfusion requirement or 
hemodynamic instability, indicate that interventional radiology should be consulted for 
selective embolization. For patients with urinary extravasation, ureteral stenting should 
be considered, although optimal timing for stenting (early vs. late) is not currently 
known. We propose one management strategy in Figure 2.2. NOM, however, should not 
be equated to non-interventional management. Rather, NOM should be viewed as an 
algorithmic approach with stepwise escalation of intervention based on patient dynam- 
ics (see Figure 2.3). 

For renal injuries, the site of the wound, hemodynamic stability, and diagnostic imaging 
(grade of injury) are the main determinants for intervention. Although higher-grade inju- 
ries (Grade IV and V) are more likely to require surgical exploration, with careful selection 
and staging, patients with PRI may be offered a trial of expectant management. 

In one series, 54% of stab wounds were successfully managed non-operatively, with only 
3% of patients requiring exploration for delayed bleeding [31]. Another series found that 
stab wounds were more likely to be successfully managed with NOM if the site of abdomi- 
nal wound penetration is posterior to the anterior axillary line [32]. 

PRI from low-velocity GSWs can be managed with NOM. In one large series, approxi- 
mately 30% of gunshot PRIs were successfully managed with observation [33]. As there is 
also a shift toward selective NOM for gunshot abdominal trauma wounds, there may be a 
larger impetus for NOM in patients with PRI who would not otherwise undergo surgical 
exploration [34]. 
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Hypotension Grade IV-V or complications 


Figure 2.2 Proposed Proposed treatment algorithm. CT, computed tomography; HCT, hematocrit; 
IR, interventional radiology; NOM, non-operative management; NPO nothing by mouth; 
PRI, penetrating renal injury. 


One quandary has been the management of suspected renal trauma in patients without 
pre-operative CT imaging. Data suggests that even if patients are undergoing surgical 
exploration for associated non-urologic injuries, renal exploration is not always necessary. 
The only absolute indication for renal exploration is a pulsatile or expanding retroperito- 
neal hematoma. Stable retroperitoneal hematomas should not be explored [24]. Obvious 
urinary leakage from a penetrating mechanism requires evaluation to exclude a renal pel- 
vis or ureteral injury (see Figure 2.4). In one large series of patients undergoing exploratory 
laparotomy for renal GSWs, 56% of patients did not need renal exploration and renal explo- 
ration was associated with a 50% nephrectomy rate [35]. If patients undergo emergent lapa- 
rotomy without imaging and a stable zone II (retroperitoneal flank) hematoma is not 
explored, they should receive appropriate renal imaging once stable, in order to evaluate 
the extent of the injury. 


Management 


Figure 2.3 Twenty-one-year-old male who sustained a GSW to the abdomen. He had a grade IV 
right PRI, with injuries to the liver and duodenum. (a) CT demonstrates a significant urine leak on 
initial delayed phase imaging. (b) He was taken to the operating room for retrograde pyelogram 
and ureteral stenting. Pyelogram demonstrates contrast extravasation from the middle calyx. 
Arrow depicts area of contrast extravasation. (c) Repeat CT scan with delayed phase imaging at 
two weeks demonstrates improved, but persistent contrast extravasation. He was taken to the 
operating room six weeks after ureteral stenting where retrograde pyelogram demonstrated 
complete healing of his collecting system and his stent was removed. Source: courtesy of Jonathan 
Wingate, MD. 


Operative 


Operative management of PRI is not as nuanced as NOM - an unstable patient, unrespon- 
sive to resuscitation, requires immediate surgical exploration. Surgical exploration is tradi- 
tionally performed via a midline transabdominal approach. These cases are often performed 
in conjunction with trauma surgeons, as the rates of concomitant non-GU organ injuries 
are very high [8, 36]. 

Prior to exploring a zone II hematoma, the surgeon should ensure there is a contralateral 
kidney if no pre-operative imaging was obtained. This can be performed by manual palpa- 
tion of the contralateral kidney or a single shot urogram (2 ml/kg of IV contrast followed by 
a KUB at 10 minutes). 
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(a) 
7/ 


(b) 


Figure 2.4 Twenty-five-year-old female who sustained multiple stab wounds with a machete. 

(a) CT scan demonstrates contrast extravasation from the Left collecting system. Intra-operatively, 
she was noted to have a 1.5cm renal laceration in the inferior pole. There was active urine 
extravasation from the wound. A renorrhaphy was performed. She also had injuries to the small 
bowel and right chest. (b) CT performed 48 hours after renorrhaphy demonstrates resolution of the 
urine leak. Source: courtesy of Jonathan Wingate, MD. 


Principles of damage control surgery are abbreviated operation, intensive care resuscita- 
tion, and definitive surgery. For penetrating trauma, if there is concern for active bleeding 
at time of laparotomy, source control should be obtained. If there is an expanding zone II 
hematoma consistent with active renal bleeding, this should be explored. However, for 
non-expanding hematomas, if the patient is unstable, four-quadrant packing with tempo- 
rary abdominal closure may be performed in order to allow for resuscitation. 

There are two surgical approaches to the kidney - medial or lateral. In the medial 
approach, the renal vessels are isolated prior to renal exploration as early vascular con- 
trol may decrease nephrectomy rates and blood loss during surgery [37]. The retroperito- 
neum is incised over the aorta superior to the inferior mesenteric artery and medial to 
the inferior mesenteric vein. The anterior surface of the aorta is explored until the left 
renal vein is encountered crossing anteriorly over the aorta. Vessel loops are then placed 
around the renal hilum and early vascular control is obtained. The kidney is then exposed 
by incising the peritoneum lateral to the colon and mobilizing the peritoneum off 
Gerota’s fascia. This approach takes longer and may be difficult in the setting of large 
hematomas. 

In cases of active hemorrhage or an unstable patient, one may not have time to get proxi- 
mal renal vascular access. For rapid exposure, the kidney can be approached laterally — the 
retroperitoneum lateral to the kidney is opened and the kidney is delivered into the opera- 
tive field. Manual compression of the renal parenchyma can help tamponade the bleeding. 


Management 
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Figure 2.5 Renorrhaphy. (a) Deep midrenal laceration into pelvis. Basic reconstructive principles 
of renorrhaphy include (b) closure of pelvis and ligation of vessels, (c) defect closure, and 
(d) placement of Gelfoam” bolsters. Source: from Buckley and McAninch [48], with permission. 


The hilum can also be manually compressed then a vascular clamp is applied. For signifi- 
cant bleeding, more proximal control can be temporarily obtained through digital compres- 
sion of the aorta at the diaphragmatic hiatus or with the use of a padded Richardson 
retractor [38]. 

Regardless of approach, after vascular control, the renal fascia is opened and the kidney 
is dissected from the surrounding hematoma. Renal reconstruction is then performed. 
The principles include complete renal exposure, debridement of nonviable parenchyma, 
suture ligation of bleeding vessels, closure of any collecting system injuries, and re- 
approximation of the parenchyma (see Figure 2,5). For injuries to the renal pelvis, a ure- 
teral stent should be placed. This can be placed antegrade via the collecting system defect. 
Then the renal pelvis should be repaired with a fine, absorbable suture (i.e. 5-0 PDS: 
polydioxanone suture). Collecting system defects with overlying renal parenchyma, even 
large ones, do not require routine stenting. Omental flaps may be used for coverage of 
the repair. 

All sutures during the renorrhaphy should be absorbable. The renorrhaphy is performed 
using an absorbable suture (i.e. 2-0 polysorb) in interrupted horizontal mattress fashion. 
Pledgets made out of Surgicel can be used to prevent tearing of the sutures from the renal 
parenchyma. Some urologists place a bolster dressing in the renorrhaphy bed with a hemo- 
static agent such as Gelfoam or Surgicel (see Figure 2.6). A closed suction drain should be 
placed in the retroperitoneum but not directly on the renorrhaphy site. 

Thrombosis of the renal artery and vein should be managed conservatively. Although 
surgical revascularization has a high technical success rate, most patients have irreversible 
ischemic damage or delayed thrombosis [39, 40]. These repairs should only be attempted 
on patients with solitary kidneys or if they have bilateral occlusion. 
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Figure 2.6 Forty-four-year-old male who sustained a GSW with a grade III left renal laceration. 
While undergoing exploratory laparotomy for multiple abdominal organ injuries, the urology service 
was consulted for management of his renal injury. (a) Pre-operative CT scan demonstrated a left 
grade III renal injury without collecting system injury (delayed imaging not shown). (b) Intra- 
operative photo showing the anterior-medial renal laceration. (c) This was repaired by renorrhaphy. 
Final appearance shows interrupted 4-OVicryl sutures over a Gelfoam® bolster. Source: photo 
courtesy of Alexander Skokan, MD, University of Washington. 


References 


Indications for nephrectomy include an unreconstructable kidney, significant vascular 
injury, or an unstable patient who cannot tolerate an attempted repair. In the civilian 
trauma literature, the nephrectomy rate for PRI ranges from 19 to 31% [8, 41, 42]. 

For the recent military conflicts in the Middle East, renal trauma comprised 29.6% of the 
GU injuries, with a 65.5% nephrectomy rate [13, 43]. These rates are much higher than 
civilian penetrating trauma and seem dissonant with the protective effects of body armor. 
These high nephrectomy rates are driven by two variables unique to expeditionary medi- 
cine: (i) high kinetic energy weapons, such as assault rifles and improvised explosive 
devices which rendered the majority of the kidneys unreconstructable; and (ii) the unique 
logistical limitations of battlefield to intercontinental evacuation. The combat damage con- 
trol paradigm involves up to 10stages to allow for battlefield evacuation, multiple surgeries 
and resuscitations, and intercontinental transport, which may contribute to higher 
nephrectomy rates independent of the mechanistic differences of the PRI [44]. Furthermore, 
expeditionary surgical teams do not have the same access to resources such as blood prod- 
ucts and intensivists. These factors contribute to more aggressive measures to gain defini- 
tive hemodynamic stability, even in light of damage control principles. 


Complications 


Persistent urinary extravasation can lead to urinoma and perinephric abscesses. These can 
be managed using maximal drainage with the placement of an internal ureteral stent and 
percutaneous drainage of the abscess or urinoma. Stents are usually left for six weeks with at 
least seven days of Foley catheter drainage to prevent reflux of urine during voiding [45]. 

Delayed renal bleeding can occur in up to 23.5% of patients who undergo NOM [46]. This 
usually occurs within the first seven days after injury and the majority of these cases can be 
managed by angiography with embolization. Renin-mediated hypertension (Page kidney) 
from chronic ischemia or compressive hematoma is rare. 


Conclusion 


During his analysis of GU trauma during World War II, Army urologist and veteran James 
Kimbrough stated that “conservative treatment has proved sufficient in renal damage [47].” 
Indeed, the management pendulum of penetrating renal trauma seems to be returning to what 
was discovered during the two World Wars. Urologists must be prepared with a treatment algo- 
rithm should patients fail NOM or have complications, including renorrhaphy and nephrectomy. 
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Introduction 


Urinary tract infections (UTI) are among the most common human infections and add 
substantial morbidity and financial burden on society. Clinical presentation may vary 
from asymptomatic bacteriuria to an acute febrile illness with chills and rigors or even 
frank septicaemia. The upper urinary tract is normally sterile, and pathogens usually 
ascend the urinary tract from the perineum, although other pathways such as hematog- 
enous and iatrogenic routes also contribute to the pathophysiology of UTI. Gram-negative 
bacteria are the usual pathogens; gram-positive bacteria, fungi, and rarely parasites have 
also been isolated. The common pathologies include acute and chronic bacterial pyelone- 
phritis, emphysematous pyelonephritis (EPN), xanthogranulomatous pyelonephritis 
(XGP), renal abscess, pyonephrosis, and genitourinary tuberculosis (GUTB) involving 
the kidney. 

Advances in the understanding of the microbiology and the pathophysiology of UTI have 
improved the management of renal infections, with introduction of more effective antibi- 
otics and better and judicious usage of drugs and combinations of endoscopic, percutane- 
ous, or surgical interventions. Radiological investigations have become indispensable for 
clinical decision-making. We review the common pathologies and their management. 


Acute Pyelonephritis 


Acute pyelonephritis is an infective process of the renal parenchyma and is most often a 
clinical diagnosis based on signs and symptoms of flank pain, tenderness, and fever, with 
accompanying laboratory findings of leukocytosis, pyuria, positive urine culture, and 
occasionally bacteraemia and hematuria [1]. 
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Acute Pyelonephritis 


Epidemiology 


A population-based study from the United States has shown annual rates of 15-17 cases of 
acute pyelonephritis per 10000 females and 3-4 cases per 10000 males [2]. The incidence 
in females shows 3 peaks, at 0-4 years, 15-35 years, and a gradual increase from 50 years of 
age until another peak at 80 years. Males showed a peak incidence at 0-4 years of age and a 
gradual increase after 35 years, with a peak at 85 years of age [2]. 


Clinical Presentation 


Acute pyelonephritis has a spectrum of clinical presentation from mild symptoms to a crit- 
ically-ill condition with frank sepsis [3]. The classic presentation is of flank pain, fever with 
chills, nausea and vomiting, and costovertebral angle tenderness which can be elicited with 
mild firm palpation. These are similar to those of a renal abscess, described later in this 
chapter. Symptoms of cystitis may or may not be present and bilateral involvement can be 
seen in up to 25% of patients [4, 5]. 

Acute pyelonephritis can be described as either uncomplicated or complicated, depend- 
ing upon associated features and conditions [6]. Acute pyelonephritis in an otherwise 
healthy premenopausal female with normal urinary tract is generally considered uncom- 
plicated, while all others are classified as complicated [6]. Table 3.1 summarizes the condi- 
tions associated with complicated pyelonephritis [7-9]. 


Table 3.1 Factors associated with complicated UTI (pyelonephritis). 


Male gender 
Pregnancy 

Diabetes mellitus 
Immunosuppression 


Foreign bodies 
Indwelling urinary catheter 
Ureteric stents 


Functional genitourinary abnormality 
Neurogenic bladder 
Voiding dysfunction 

Structural genitourinary abnormality 
Stones, fistulae, polycystic kidney 

Renal insufficiency 

Obstruction 

Surgery 

Reflux 

Nosocomial 

Febrile >3 days 


Gross hematuria 


Source: adapted from [4, 5]. 
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Laboratory Findings 


Urinalysis: The dipstick is a useful test in diagnosing UTI. A combination of positive nitrite 
and leukocyte esterase has a sensitivity of 75% and specificity of 82% for diagnosing a 
UTI [10]. However, all these may not necessarily be pyelonephritis. Microscopic analysis of 
the urine can confirm the findings on the dipstick and may help to rule out contamination 
of the specimen. Urine microscopy can potentially identify additional supporting features 
and provide immediate information about the nature of the infecting organism. For exam- 
ple, gram-negative rods seen on gram stain or presence of yeast on microscopy can guide 
the physician in starting empirical antimicrobial therapy. Presence of white blood cells, 
along with a negative urine culture, suggests sterile pyuria, which can be associated 
with GUTB. 

Cultures: Urine cultures provide microbiological evidence of a UTI with quantitative 
assessment of the isolated pathogen. Up to 90% of acute uncomplicated pyelonephritis is 
associated with >10°CFU/ml of the pathogen. A colony count of >10*CFU/ml defines 
significant bacteriuria in acute uncomplicated pyelonephritis [11]. Urine culture is not 
necessary for diagnosing UTI, but its usefulness lies in directing treatment, particularly in 
complicated and recurrent UTI [8]. 


Microbiology and Pathophysiology 


Microorganisms can reach the urinary tract through ascending route, haematogenous 
route, or lymphatic route, but the ascending route is the most common pathway, especially 
for the organisms of enteric origin like Escherichia coli and Enterobacteriaceae [12]. 
The most common organism isolated for both uncomplicated and complicated UTI is 
uropathogenic E coli (UPEC). In uncomplicated UTI, UPEC is followed by Klebsiella pneu- 
monae, Staphylococcus saprophyticus, Enterococcus faecalis, Proteus mirabilis, Pseudomonas, 
Staphylococcus aureus, and Candida species [12, 13], whereas in complicated UTI, UPEC is 
followed by Enterococcus species, K. pneumonae, Candida species, S. aureus, P. mirabilis, 
and Pseudomonas aeruginosa [14, 15]. Table 3.2 summarizes the common pathogens asso- 
ciated with complicated and uncomplicated UTI in general. Table 3.3 summarizes the 
pathogens commonly associated with acute pyelonephritis. 


Table 3.2 Pathogens associated with complicated and uncomplicated UTI. 


Uncomplicated UTI Complicated UTI 
Uropathogenic E. coli UPEC 

Klebsiella pneumonae Enterococcus species 
Staphylococcus saprophyticus Klebsiella pneumonae 
Enterococcus faecalis Candida species 
Proteus mirabilis Staphylococcus aureus 
Pseudomonas Proteus mirabilis 


Staphylococcus aureus, candida species Pseudomonas 


Acute Pyelonephritis 
Table 3.3 Pathogens causing acute pyelonephritis [2]. 


E. coli (most common) 
Klebsiella species 
Proteus species 
Enterobacter species 


Pseudomonas 


Imaging 


The diagnosis of acute pyelonephritis is typically based on clinical and laboratory findings. 
Imaging may not be required in uncomplicated UTI and treatment can be started empirically 
on the basis of clinical and laboratory findings [16]. Early imaging is recommended in cases 
of complicated pyelonephritis, severe symptoms including nausea and vomiting, no response 
to intravenous antibiotics in 72 hours, or suspicion of renal abscess [16, 17]. Prompt imaging 
is required in a patient presenting with, or is developing, signs of sepsis. Imaging in these 
patients may reveal conditions which are potentially treatable with interventions, e.g. 
obstruction (hydronephrosis), stones, presence of gas, urinoma, perinephric collections, or a 
renal abscess. 

(USG) is the recommended initial modality for imaging because of its non-invasiveness, 
but there are limitations like obesity and inter-observer differences. USG can miss mild 
pyelonephritis and underestimates the severity, although contrast enhanced USG can bet- 
ter demonstrate the involved area in acute pyelonephritis [18]. The common USG findings 
of acute pyelonephritis include diffuse renal swelling, a diffuse or focal decrease in 
parenchymal echogenicity, loss of corticomedullary differentiation, and thickening of the 
pelvicalyceal system [18]. 

Contrast enhanced computed tomography (CT) scan is the current modality of choice for 
acute pyelonephritis [19]. The nephrogram phase is superior in delineating lesions in acute 
pyelonephritis, classically striations of the nephrogram (Figure 3.1) and wedge-shaped 


Figure 3.1 Striated 
nephrogram in right kidney in 
acute pyelonephritis. Source: 
courtesy of Rajeev Kumar, 
MD, MCh. 
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Table 3.4 CT findings in acute pyelonephritis. 


Striated nephrogram (Figure 3.1) 

Wedge-shaped areas of hypoattenuation, from papilla in medulla to cortical surface 
Unifocal or multifocal 

Unilateral or bilateral 

Focal or global enlargement of kidney 

Thickening of Gerota’s fascia 


Perinephric fat stranding 


areas of hypoattenuation. Renal infection CT protocol would include pre-contrast imaging 
followed by post-contrast and delayed images or urographic phase if obstruction is sus- 
pected [20]. Table 3.4 lists the typical CT findings [20]. 

Magnetic Resonance Imaging (MRI) is being increasingly used in renal infections. 
Findings of MRI mimic those of a CT scan, typically renal enlargement, areas of poor per- 
fusion, and perinephric fat stranding. Since there is no radiation exposure, MRI becomes 
an option for evaluation in pregnant women. Furthermore, since iodinated contrast is not 
used, MRI is useful for patients with impaired renal function. MRI urography may be 
added for evaluating the pelvicalyceal system, ureter, and bladder. MRI can help in differ- 
entiating acute infection from chronic scars, which is difficult on other imaging modali- 
ties [21]. However, gas-forming infections and calculi may produce signal voids, interfering 
with the interpretation [22]. 


Treatment 


The treatment of acute pyelonephritis starts with clinical assessment of the severity and 
risk factors. Urinalysis and culture should be obtained in every patient. For those with mild 
symptoms of flank pain and fever without nausea and vomiting, treatment should be 
started with oral antibiotics, analgesics, and antipyretics along with oral hydration. 
Imaging, usually USG, is required if any obstruction or stone disease is suspected. Oral 
ciprofloxacin (500 mg twice daily) for one week, with or without initial intravenous dose of 
the same, is an appropriate choice of treatment given that the prevalence of resistance of 
the community uropathogens to fluoroquinolones is not known to exceed 10% [23]. An 
initial one-time intravenous antimicrobial agent, ceftriaxone or aminoglycoside, can be 
used in place of intravenous fluoroquinolones [23]. In case the local resistance to fluoroqui- 
nolones is known to exceed 10%, an initial one-time intravenous dose of ceftriaxone or 
aminoglycoside is recommended. [23] Oral trimethoprim-sulfamethoxazole (160/800 mg 
twice daily for 14 days) is an acceptable choice for therapy if the uropathogen is known to 
be susceptible [23], and can be used as an alternative if fluoroquinolones cannot be given, 
for example in cases of known resistance to fluoroquinolones, in elderly patients with 
increased risk of tendon rupture or in cases of hypersensitivity to fluoroquinolones. If trim 
ethoprim-sulfamethoxazole is given without known susceptibility of the pathogen or an 
oral beta lactam agent is used to treat pyelonephritis, it is recommended to administer an 


Emphysematous Pyelonephritis 


initial intravenous dose of ceftriaxone/aminoglycoside [23]. If there is no clinical improve- 
ment in the first 72hours, or there are features of deterioration at any time, parenteral 
antibiotics and hospital admission should be considered. Imaging (see above) is recom- 
mended in these patients to assess complicating factors like obstruction or an abscess, 
which may require drainage along with culture-specific antibiotics. 

In cases of severe acute pyelonephritis presenting with systemic symptoms of nausea 
and vomiting, patients may be unable to take oral medications and should be treated ini- 
tially with parenteral antibiotics. Infectious Disease Society of America (IDSA) guidelines 
recommend hospitalization for these patients and treatment with intravenous fluoroqui- 
nolones, or an aminoglycoside with or without ampicillin, or an extended-spectrum cepha- 
losporin or an extended-spectrum penicillin with or without an aminoglycoside or a 
carbapenem [23]. The IDSA guidelines further recommend that the choice between these 
agents should be based on local resistance data and susceptibility of the pathogen. After 
clinical improvement, they may be switched to oral antibiotics for 7-10 days [23, 24]. 

If there is no clinical improvement, parenteral antibiotics are continued and additional 
urine and blood cultures should be obtained. In the case of severe infection, clinical deterio- 
ration, or sepsis, involvement of intensive care unit (ICU) or admission in ICU should be 
initiated. Additional imaging, preferably with a CT scan, should be performed to look for 
complicating factors. It can provide the clinician with important information, such as evi- 
dence of obstruction (hydronephrosis), gas in the renal parenchyma, or a renal or peri- 
nephric abscess. Drainage, in the form of a ureteric stent, percutaneous nephrostomy, or 
one-time needle aspiration of a renal abscess, can be lifesaving. The choice of drainage proce- 
dure largely depends upon the severity of the infection, hemodynamic status of the patient, 
type and dosage of antiplatelet or anticoagulant agent if any, and the local hospital protocols. 


Emphysematous Pyelonephritis 


EPN is a life-threatening necrotizing infection of the kidney, characterized by accumulation 
of gas in the renal parenchyma and surrounding tissue [25]. The disease was first described 
by Kelly and MacCullem [26], but Schultz and Klorfein [27] first used the term, EPN. There 
is a spectrum of presentation, with gas seen in renal parenchyma, gas extending to the per- 
inephric space or into the paranephric spaces. When gas is seen only in the collecting system, 
emphysematous pyelitis, the prognosis is usually good with medical management alone [28]. 
It should be noted that the gas inside the collecting system can be secondary to instrumenta- 
tion of the urinary tract, or upper UTI with gas-forming organisms. EPN is notoriously asso- 
ciated with high mortality rates. However, the earlier reported mortality rates of over 70% 
have now come down to around 20%, due to improved diagnosis and management [29, 30]. 

There is a female preponderance with a female to male ratio of 3:1 [31]. Some studies 
have described an even higher ratio of 6:1 [32, 33]. Up to 95% of cases are associated with 
diabetes mellitus [29]. Drug abuse, neurogenic bladder, and anatomical anomalies are the 
other associated factors described in the literature [25, 34]. Almost one-third of patients 
with EPN may have urinary tract obstruction and this percentage is higher among those 
who do not have diabetes mellitus as the predisposing cause [35, 36]. 
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Pathogens and Pathogenesis 


The most common organisms causing EPN are E. coli (70%), followed by Klebsiella [36]. Other 
organisms such as Acinetobacter, Proteus, Streptococcus, and Pseudomonas, Bacteroides [37], 
Clostridium [38], Candida [39] and Aspergillus [40] have also been reported. Urine cultures 
correlating with pus (drained percutaneously) cultures and bacteraemia can be seen in more 
than 50% of cases [32]. 

Histopathologic examination of the affected kidney predominantly shows vasculopathy, 
vascular thrombosis, and widespread micro-abscesses. Other features are interstitial 
inflammation, glomerulosclerosis, and sloughed papillae [41]. It has been postulated that 
the high levels of blood glucose in diabetic patients impairs the normal functioning of the 
leucocytes, thereby reducing the immune response [42]. 

Gas in renal parenchyma: Huang and Tseng [32] analyzed the gas in renal parenchyma, 
aspirated radiologically, and found predominantly carbon dioxide and hydrogen. Nitrogen 
and oxygen were also found with traces of ammonia, methane, and carbon monoxide. It is 
postulated that microbial infection and increased catabolism causes gas production, which 
accumulates because ischemic tissue cannot remove it. Presence of gas-forming organisms, 
high tissue concentration of glucose, and ischemia are the three factors responsible for gas 
production [32, 43]. Gas in the kidney, and thus severity of the disease, has been classified 
on the basis of radiological investigations, as shown in Table 3.5. Factors associated with 
higher mortality are summarized in Table 3.6 [44]. 


Table 3.5 Classification of emphysematous pyelonephritis. 


Classification Radiological basis Class Features 
Michael Plain radiograph and Stage 1 Gas present in the renal parenchyma or 
et al. [25] Intravenous pyelogram perinephric tissue 
Stage 2 Gas in the kidney and its surroundings 
Stage 3 Extension of gas through Gerota’s fascia 
and/or bilateral disease 
Wan etal. [29] Computed Tomography Type 1 Parenchymal destruction with presence 
of gas but no fluid 
Type 2 Renal or perirenal fluid collection with 


bubbly or loculated gas or gas in the 
collecting system 


Huang and Computed Tomography Class 1 Gas in the collecting system only 
Tseng [32] 


Class 2 Gas present in the renal parenchyma 
without extension into extrarenal space 


Class 3A Extension of gas or abscess into 
perinephric space 

Class 3B Extension of gas or abscess into 
pararenal space 


Class 4 Bilateral EPN or EPN in a solitary kidney 


Emphysematous Pyelonephritis 
Table 3.6 Factors associated with mortality in emphysematous pyelonephritis. 


Significant association with higher mortality 
Systolic BP < 90 mmHg 

Altered consciousness 

Raised serum creatinine levels (>2.5 mg/dl) 
Thrombocytopenia 

Bilateral EPN 

Medical management alone 


EPN type 1 based on Wan et al. classification 


No significant association with mortality 
Diabetes mellitus 

Nephrolithiasis 

E. coli, Klebsiella pneumonae 

Age > 50 years 

Female sex 

History of UTI 


Alcoholism 


Clinical Presentation 


Women in the fourth and fifth decade of life are the most commonly-affected patients [29]. 
Patients can present with mild symptoms of fever and flank pain, or may have systemic 
symptoms of nausea and vomiting, which may be complicated by acute kidney injury, acid 
base, and electrolyte imbalance, uncontrolled blood glucose, altered consciousness, and 
sepsis. Rapid progression to septic shock may occur or it may even be the presenting condi- 
tion [45, 46]. On physical examination, flank tenderness, and sometimes crepitus, can be 
elicited [46]. 


Diagnosis 


EPN is essentially a radiological diagnosis, and a CT scan is the modality of choice [41]. The 
usefulness of USG in EPN is limited, because it becomes difficult to differentiate bowel gas 
from gas in renal parenchyma or abscess. Abdominal distension and obesity can further 
hamper the assessment [41]. USG misdiagnosed type 1 or type 2 EPN in 50% of patients in 
the studies carried out by Wan et al. [29]. A CT scan is the modality of choice for diagnos- 
ing, staging, and monitoring response to treatment in EPN [41]. A non-contrast CT scan 
gives excellent information; unless contraindicated, a contrast study should be done to pro- 
vide details of parenchymal involvement and the extent of disease [29, 41]. Retroperitoneal 
gas due to other pathologies, like perforation of the second part of duodenum, can mimic 
EPN, which can be differentiated on the basis of absence of gas in renal parenchyma on the 
CT scan [47] (Figure 3.2). 
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Figure 3.2 Emphysematous pyelonephritis of right kidney. Source: courtesy of Rajeev Kumar, MD, MCh. 


Treatment 


The initial approach to management is resuscitation, parenteral antibiotics, and optimization 
of glycemic control. The patient may need intensive care admission and multi-organ support. 
As the condition is known to deteriorate rapidly, aggressive management and prompt surgical 
intervention, along with intensive care at the earliest sign of deterioration, can improve the 
outcome. A complete blood count, baseline assessment of renal function, along with urine and 
blood cultures, should be obtained. Adequate gram-negative coverage is required and should be 
guided by the local hospital antibiogram. Aminoglycosides, B-lactamase inhibitors, cephalo- 
sporins, and quinolones are useful. Aminoglycosides can be used in combination with oth- 
ers [36]. Empirical use of piperacillin and tazobactam is also described [48]. Furthermore, 
antibiotics should be changed according to the clinical response and culture sensitivity patterns. 

The introduction of percutaneous drainage (PCD) techniques has significantly changed 
the management of EPN. In the 1980s, antibiotics and emergency nephrectomy or open 
surgical drainage has been described as the management of EPN with a mortality rate of 
40-50% [25, 49]. In 1986, Hudson et al. [50] reported favorable outcomes with PCD of 
affected parts of the kidney using 14Fr tubes under fluoroscopic guidance. Since then, PCD 
has been used frequently with good results. PCD should be done in patients with localized 
areas of gas formation and presence of functional renal parenchyma. A large bore (14Fr or 
higher) catheter should be used for drainage and, in the presence of loculations or multiple 
areas of gas formation, more than one draining tube can be inserted [51]. Drainage is best 
performed under CT guidance [41] (Figure 3.3). The PCD tube may have to be retained 
until the follow-up CT scan shows resolution of gas and subsidence of the infection and 
inflammation. It can be flushed with an antibiotic solution if required, or changed [51]. 
Around 13% of patients, treated with medical management and PCD, will still require 


Xanthogranulomatous Pyelonephritis 


Figure 3.3 Emphysematous pyelonephritis with nephrostomy tube in situ. Source: courtesy of 
Rajeev Kumar, MD, MCh. 


nephrectomy, either due to lack of clinical improvement or evidence of a non-functioning 
kidney on further evaluation, and the reported mortality in this subset is 6.6% [30, 41]. 

Nephrectomy can be performed by open or laparoscopic approach [52], when there is a 
non-functioning kidney with no response to conservative management, or Huang class 3A 
or 3B disease with two or more risk factors. Open nephrectomy is more commonly per- 
formed because the laparoscopic approach may be difficult due to extensive inflammation 
and adhesions as well as risk of intraperitoneal spread of infection. 


Xanthogranulomatous Pyelonephritis 


XGP, first described by Schlagenhaufer, is an uncommon chronic condition characterized by 
destruction of renal parenchyma, which is replaced by granulomatous inflammation mainly 
composed of lipid laden macrophages [52-54]. It is associated with UTI and obstructing renal 
calculi. Middle-aged women are most often affected and obstructing stones have been reported 
in 38-83% cases with about half being staghorn calculi [55, 56]. Urine cultures are positive in 
50-75% of cases, and the most common organisms are Proteus and E. coli [57]. Klebsiella, 
Pseudomonas, and Staphylococcus are other organisms isolated in urine cultures [58]. 

There is a higher incidence of XGP in diabetic patients and children [54, 59]. Other factors 
that may be associated with the development of XGP are abnormal lipid metabolism, altered 
immunological status, disturbances of leucocytes function like chemotaxis and phagocytosis, 
malignancy, renal arterial insufficiency, renal venous occlusion and hemorrhage, alcoholism, 
malnutrition, hyperparathyroidism, renal transplant, prior urological instrumentation or 
surgery [56, 60]. Bilateral XGP is uncommon [61]. Ninety percent of patients with XGP have 
diffuse renal involvement, although focal involvement of the kidney can occur [62]. Focal 
involvement is more common in the pediatric age group and is seen more commonly in chil- 
dren younger than eight years without an associated stone [63, 64]. 
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Clinical Presentation 


The onset of the disease is usually subacute or chronic and the duration of symptoms is 
usually less than six months in the majority of patients [56]. Presenting symptoms may 
include fever, weight loss/anorexia, and flank pain. Lower urinary tract symptoms and a 
palpable abdominal mass are less common presenting complaints. Rarely, XGP may pre- 
sent as a nephrocutaneous fistula [60, 62]. 


Imaging 


Diffuse renal enlargement with a central echogenic focus representing a staghorn calculus 
is the usual finding on USG, but there may be no specific features [65]. CT is the preferred 
modality for diagnosis and evaluating the extent of the disease [66]. The classical picture is 
of a staghorn stone, decreased, or absent contrast excretion and a poorly defined mass in an 
enlarged kidney [67]. The localized or focal XGP can mimic a malignancy, like renal cell 
carcinoma in adults and Wilms tumor in children, and is sometimes referred to as pseudo- 
tumoral or tumefactive form of XGP [67, 68]. On the other hand, the diffuse form has been 
staged according to the extent of the disease (Table 3.7). 

The typical CT findings in a case of diffuse XGP is an enlarged kidney with multiple 
hypodense egg-shaped areas, likely dilated calices or parenchymal destruction, arranged as 
in hydronephrosis, with renal calculi [69] (Figure 3.4). XGP has been named as a great imita- 
tor, for it resembles other renal diseases both radiologically and pathologically, like acute 
pyelonephritis, tuberculosis, renal or perinephric abscess, and renal cell carcinoma [70]. 


Table 3.7 Staging of Xanthogranulomatous pyelonephritis [56, 67]. 


Stage 1 Involvement is limited to the kidney 
Stage 2. Involvement extends to the renal pelvis or the perirenal fat within Gerota’s fascia 


Stage 3 Involvement extends beyond Gerota’s fascia into the retroperitoneum or other organs or both. 


Figure 3.4 Xanthogranulomatous pyelonephritis. Source: courtesy of Rajeev Kumar, MD, MCh. 


Chronic Pyelonephritis 


Diagnosis and Treatment 


A definitive diagnosis of XGP is made after histopathological analysis of the renal tis- 
sue [60]. Grossly, the kidney is enlarged, perinephric tissue may be involved with dense 
adhesions to surrounding structures, the capsule is thickened with or without necrosis, 
and there are multiple abscesses in the renal parenchyma, lined by yellowish nod- 
ules [58]. On microscopic examination, a mixed inflammatory infiltrate is found with 
variable numbers of lipid-laden macrophages, neutrophils, giant cells, lymphocytes, and 
plasma cells [71]. 

Nephrectomy with antibiotics is the standard treatment of XGP, as most of these kid- 
neys with diffuse involvement are non-functional [72]. A Tc”’-DMSA (dimercaptosuc- 
cinic acid) scan is used to confirm a non-functioning or poorly-functioning kidney [73]. 
CT imaging can be helpful in diagnosing XGP in up to 90% cases, but the diagnosis may 
be difficult as XGP mimics other benign and malignant lesions of the kidney [55]. XGP 
has been associated with renal cell carcinoma, transitional cell carcinoma of the renal 
pelvis, and squamous cell carcinoma of the renal pelvis, and therefore a nephrectomy 
should be performed if malignancy cannot be ruled out [74, 75]. A difficult surgery 
should be anticipated if a pre-operative CT scan shows pararenal involvement. 
Separation of the kidney from bowel, diaphragm, or great vessels can be difficult. 
Segmental resection in an option for stage 1 and stage 2 focal disease [56, 58]. It is very 
important to relieve any distal obstruction if a nephron sparing surgery is performed. 
The entire inflammatory mass must be removed to avoid recurrence and fistula forma- 
tion. Any pre-existing sinus or fistula should also be excised. There are reports of treat- 
ing focal XGP with antibiotics alone [76]. However, incision and drainage as a single 
modality can lead to fistulae formation and render nephrectomy more difficult. Open 
surgery remains the procedure of choice, with the laparoscopic approach restricted to 
experienced surgeons [77]. 


Chronic Pyelonephritis 


Chronic pyelonephritis is characterized by inflammation, fibrosis, and scarring which is 
secondary to recurrent or persistent UTI, usually associated with vesicoureteral reflux 
(VUR) or urinary tract obstruction. It is most commonly seen in children with VUR and 
patients with anatomic anomalies [78]. In patients with end stage renal disease, 13% have 
chronic pyelonephritis as the primary cause [79]. 


Clinical Presentation 


A history of recurrent UTI may be elicited in most patients. Some patients, especially chil- 
dren, may present with fever, nausea, vomiting, dysuria, or flank pain. Physical examina- 
tion may reveal flank tenderness, failure to thrive in young children, or hypertension at a 
young age. These are typically due to an acute infection, superimposed on chronically dis- 
eased kidneys. In fact, there are no specific symptoms of chronic pyelonephritis and the 
patient can initially present in a state of renal insufficiency. 
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Radiologic Findings 


The typical imaging findings are of renal scarring, atrophy, and cortical thinning. Hypertrophy 
of normal residual tissue may look like a pseudotumor, and calyceal clubbing may be secondary 
to retraction of papilla from overlying scar tissue or thickening and dilatation of the calyceal 
system [80]. Renal asymmetry is often noted, and the kidneys may be smaller in size. 

On USG evaluation, kidneys have an irregular outline with areas of atrophic cortex, with 
dilated underlying calyx. The scar may be hyperechoic as compared to normal surrounding 
tissue. An intravenous urogram (IVU) will show reduced renal size, irregular outline, cal- 
iceal dilatation, and blunting, reaching up to the cortical surface, which is thinned out. 
Findings on IVU are usually diagnostic. CT scan will demonstrate abnormal renal architec- 
ture. Nephrographic and excretory phase will delineate the areas of cortical scars with 
underlying dilated caliceal system [81]. MRI is comparable to contrast enhanced CT scan 
for identifying renal scars and abnormal renal architecture [82]. A voiding cystourethro- 
gram will help in diagnosing VUR. A Tc”’-DMSA radio isotope scan can also detect renal 
cortical scars and is more sensitive than IVU [83]. 


Management 


Management includes treating UTI, if present, and preventing further episodes by treating 
the underlying cause. Recurrent UTIs cause further deterioration of the already compro- 
mised renal function and careful monitoring and follow-up is required. Evaluation of the 
sibling of the patient with VUR is also recommended [84]. 


Renal Abscess 


Renal abscesses present a diagnostic challenge without appropriate radiologic imaging. Renal 
abscesses caused significant morbidity and mortality in the past due to the lack of early detec- 
tion; mortality rates in earlier literature varied from 39 to 50% [85]. With improvement in 
imaging modalities, antibiotics, and PCD, there has been a reduction in morbidity and mor- 
tality due to renal abscesses. In recent series, mortality varies from 1.5 to 15% [86, 87]. 

They can either be intranephric or perinephric in nature. An intranephric abscess is a 
collection of purulent material within the renal parenchyma, while a perinephric abscess 
is suppuration within the perirenal fascia. It is usually the result of acute pyelonephritis 
where inflammation results in liquefactive necrosis and abscess formation. Hematogenous 
and ascending infections are the two common routes of renal abscess formation. Ascending 
infection is more common than hematogenous dissemination in renal abscess develop- 
ment. One of the frequent causes is VCR. Perinephric abscess may develop by rupture of an 
intranephric abscess through the renal capsule into the perinephric space [88, 89]. 


Epidemiology 


The incidence of renal abscesses ranges from <1.3 to 10 cases per 10000 hospital admis- 
sions [90-92]. Hematogenous infection due to gram-positive organisms was commonly 
responsible for intrarenal abscess development in the pre-antibiotic era. However, most 


Renal Abscess 


current cases are due to ascending infection from the urinary tract [93, 94]. It affects all age 
groups without gender predilection, but the incidence increases with age [85, 90, 94]. 
Predisposing factors (apart from local factors including renal calculi and urinary obstruc- 
tion) include existing infections at other sites including the skin, teeth, and bones. 
Additional factors are GUTB, diabetes mellitus, steroid use, and trauma [95, 96]. GUTB 
remains common in developing countries and causes strictures with obstruction and 
deformity of the renal parenchyma, thus predisposing to abscess formation. Traumatic 
hematomas within and around the kidney may get secondarily infected to form an 
abscess [85]. Renal abscesses are twice as common in diabetic than non-diabetic patients 
and intravenous drug users contract hematogenous infections through contaminated 
needles [97-99]. 


Clinical Presentation 


Renal parenchymal abscesses are divided into cortical and medullary abscesses, but this 
division has little clinical significance [100-102]. Presentation varies from mild symptoms 
to frank sepsis. Typically, the patient presents with fever, chills, nausea/vomiting, flank 
pain, and dysuria [103-105]. There is tenderness in the costovertebral angle. 


Microbiology 


Gram-positive organisms like Staphylococci used to be the most commonly responsible for 
development of renal abscess before the antibiotic era [105, 106]. With widespread use of 
antibiotics, gram-negative organisms like E. coli and Klebsiella pneumoniae are most com- 
monly implicated in the development of renal abscess [89, 104, 105, 107, 108]. 


Laboratory Diagnosis 


Urine examination shows presence of white blood cells and bacteriuria. Urine culture 
often demonstrates the same organism if the abscess is due to a gram-negative organism. If 
the abscess is due to hematogenous infection by gram-positive organisms, urine culture 
may not demonstrate any growth. There is marked leukocytosis. Blood culture is usually 
positive. 


Imaging 


The most common imaging modalities for diagnosis of renal abscesses are USG and 
CT. Other modalities that have been used for renal abscesses in the past are excretory urog- 
raphy, angiography, and radioisotope scan. With the increased use of CT, these modalities 
are no longer used for diagnosis. 

USG is the most commonly-used imaging modality for the diagnosis and localization of 
renal infections [93, 109]. An echo-free or low echodensity space-occupying lesion with 
increased transmission is seen on the ultrasonogram. USG is also used for percutaneous 
aspiration of renal abscesses for diagnosis and therapy [109-111]. Contrast enhanced CT 
is the modality of choice for detecting renal abscesses. The findings depend on the 
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Figure 3.5 Left renal abscess 
(arrowhead). Source: courtesy 
of Rajeev Kumar, MD, MCh. 


duration of the abscess. Initial findings are renal enlargement and areas of decreased 
attenuation, while chronic abscesses may show a spherical parenchymal mass of low 
attenuation, surrounded by a higher attenuation inflammatory wall forming a “ring sign” 
(Figure 3.5). 

Radioisotope scans that have been used for evaluating renal abscesses include Galium 
and Indium scans. The Gallium-67 scan is not very specific for an abscess and has false 
positive and false negative rates of 15 and 13% respectively [112]. Abnormal accumulation 
may occur in tumors, vasculitis, and the colon [113]. The radioisotope scan using Indium 
111 has the advantage of specific accumulation at the infection site without nonspecific 
accumulation in the bowel [113]. However, data on the use of this radioisotope in renal 
abscess detection is limited and its accuracy is not well established. 


Management 


The standard management of renal abscesses includes drainage and antibiotics followed by 
management of predisposing causes, if any. The size of the abscess and clinical condition 
of the patient are important determinants of management. For abscesses less than 3cm in 
size, parenteral antibiotics alone may be adequate therapy [114]. For those greater than 
5cm, drainage of the abscess is recommended. Drainage may be achieved by percutaneous 
or open surgical methods, depending upon feasibility. PCD is possible with minimal mor- 
bidity either by USG or CT guidance [88]. For an abscess with intermediate size (3-5 cm), 
an individualized approach is adopted [115]. 

The duration of the antibiotic therapy depends upon the patient’s clinical condition and 
response to therapy. The current recommendation is to continue intravenous antibiotics for 
48hours after clinical improvement before switching to oral antimicrobial therapy for 
2weeks thereafter [116]. The choice of antimicrobial therapy depends on the culture and 
sensitivity of the organisms grown in the aspirate from the abscess. In the absence of an 
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aspirate, antibiotics on the basis of the urine culture are recommended. In the absence of 
any culture report, empirical antimicrobial therapy with broad-spectrum antibiotics (com- 
bination of a third-generation cephalosporin or fluroquinolones and aminoglycoside) is 
recommended. Nephrectomy is rarely required, usually for patients with diffuse involve- 
ment of the kidney with significant parenchymal damage and poor response to therapy. 
The underlying cause predisposing to abscess formation must be addressed after treating 
the infection. 


Tuberculosis of the Kidney 


The genitourinary system is one of the most common sites of extra pulmonary tuberculosis 
and the kidney is secondarily involved through the hematogenous route. The kidney is the 
most commonly involved organ in the genitourinary tract. Diagnosis of GUTB is often 
delayed due to its insidious onset and nonspecific symptoms. 


Clinical Presentation 


Tuberculosis of the kidney has an insidious onset. Presentation varies from constitutional 
symptoms like low grade fever, night sweats, and weight loss, to flank pain, dysuria, pyuria, 
hematuria, discharging sinus in the flank and uremia [117-120]. Bilateral kidney involve- 
ment is seen in up to 24% cases [121]. Tuberculosis of the kidney generally affects adults 
between the second and sixth decades of life [122]. A mean age of 40 years has been reported 
in the literature [123]. The long latent period ranging from 5 to 40 years between primary 
pulmonary tuberculosis and its reactivation means that this is rare in children [124]. 

The most commonly involved organism is Mycobacterium tuberculosis. Other mycobacte- 
ria like Mycobacterium bovis and atypical mycobacterium are rarely involved. Mycobacteria 
reach the kidney through the hematogenous route from a tubercular focus in the lung [125]. 
BCG, a live vaccine strain used intravesically for the treatment of bladder cancer, can cause 
renal lesions by reflux [126, 127]. In the kidney, the mycobacteria form microgranulomas 
within the periglomerular capillaries and grow further to form macrogranulomas [128]. 

The upper and lower poles of the kidney are commonly involved [122]. Bacilli from corti- 
cal granulomas spill down the nephrons to the loop of Henle to form a new focus of infec- 
tion within the renal pyramid. The lesions within the renal papilla caseate, cavitate, and 
form ulcerative lesions. The papillary lesions form extensive papillary necrosis and destruc- 
tion of adjacent renal parenchyma. The parenchymal lesions extend into the collecting 
system through erosion. Tubercular lesions cause strictures and obstruction of the pelvical- 
yceal system. The common sites of strictures within the pelvicalyceal system are the infun- 
dibular neck, pelviureteric junction, and vesicoureteric junction. Pelvicalyceal system 
obstruction along with parenchymal caseation leads to destruction of part or all of the 
kidney. Rupture of bacilli into the interstitium may cause isolated tubercular interstitial 
nephritis without any pyuria or hematuria, leading to delayed diagnosis. 

Tuberculosis of the kidney can cause chronic kidney disease (CKD) when both the 
kidneys are involved. The incidence of CKD due to tuberculosis varies from 15 to 
24% [121]. Obliterative endarteritis with dystrophic calcification, post-obstructive 
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atrophy due to extensive stricture in the pelvicalyceal system, and tubercular interstitial 
nephritis are the likely mechanisms. [129, 130] 


Laboratory Findings 


Examination of early morning urine on 3-5 days for acid fast bacilli (AFB) may identify the 
disease in around one-third of patients. Polymerase chain reaction (PCR) of urine for 
mycobacterial antigens is a sensitive test but has doubtful specificity [131]. Newer technol- 
ogy such as the GeneXpert tests may provide results within a few hours [132]. 


Imaging 


Imaging contributes significantly to the diagnosis of GUTB, due to the difficulties associ- 
ated with obtaining bacteriological proof. USG may identify parenchymal masses, abscesses, 
cavities, urothelial thickening, and calcifications and hydronephrosis, but has lower sensi- 
tivity than IVU or contrast CT due to their ability to detect urothelial changes and deterio- 
ration in renal function [133, 134]. IVU is one of the most commonly-used imaging 
modalities for evaluation of renal tuberculosis. It provides information regarding both 
structural changes and functional status of the kidneys [135]. The findings of IVU are 
diverse, depending upon the severity of the infection. Urographic findings will be evident 
only when the pelvicalyceal system is involved. Approximately 10-15% of patients with 
active renal tuberculosis will have isolated parenchymal involvement with normal uro- 
graphic findings [133]. The urographic changes include isolated caliceal dilatation due to 
infundibular stenosis, gross hydronephrosis, and stricture of the ureteropelvic junction 
(UPJ). Contrast enhanced CT with delayed images (e.g. CT-IVU) is the most commonly- 
used imaging modality for renal tuberculosis evaluation in many centers. It helps in diag- 
nosing renal tuberculosis and assessing the severity of loss of function [136]. All the 
features of the IVU can be delineated with the CT with greater sensitivity. 


Treatment 


The treatment of renal tuberculosis includes both medical and surgical strategies. Medical 
management includes antitubercular drugs, as in WHO category I therapy, which includes 
two months intensive phase of four drugs (Isoniazid, Rifampicin, Pyrizinamide, and 
Ethambutol) followed by four months continuation phase of Isoniazid and Rifampicin [137]. 
Surgical therapy may involve draining the kidney, reconstruction of the ureter, bladder, and 
kidney, or nephrectomy in non-functioning kidneys [137]. 


Conclusions 


Renal infections have a spectrum of presentations, varying from minimal symptoms or 
asymptomatic to frank sepsis and septic shock. High index of suspicion for renal infection 
and prompt investigations, as indicated, is required to avoid delay in diagnosis. Knowledge 
of local resistance patterns of the pathogens could be helpful in formulating antimicrobial 
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therapy. Patients with severe renal infections leading to sepsis may be better managed with 
ICU involvement or admission. These patients benefit from prompt imaging and interven- 
tions for any suspected cause of the infection. A multidisciplinary approach is usually 
required for patients requiring ICU admission, which may include a urological surgeon, 
nephrologist, intensive care specialist, and interventional radiologist. 
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Introduction 


Acute renal colic from kidney stones is a common urologic emergency, with significant morbid- 
ity and potential mortality risk. Renal colic pain from kidney stones is colloquially described as 
more painful than childbirth and can result in associated nausea, vomiting, dehydration, and 
opioid use. Renal obstruction from a stone carries risk of transient or permanent renal injury, 
and in the setting of infection can prove highly morbid if not fatal. Kidney stone prevalence con- 
tinues to rise and is estimated to affect 1 in 11 Americans in their lifetimes, with estimates as high 
as 50% recurrence rates [1, 2]. Stone prevalence, recurrence rate, as well as the unplanned acuity 
of symptoms requiring emergent evaluation and management, have resulted in kidney stones 
being the most costly benign urologic disease [3]. Emergency departments are commonly the 
initial sites of presentation for symptomatic kidney stones, with an estimated 1.2 million associ- 
ated visits annually in the U.S. [4], resulting in roughly $5 billion in respective charges in 2009 [5]. 
The differential diagnosis of acute flank and abdominal pain is extensive (Table 4.1) and appro- 
priate evaluation in the primary care or emergency department setting, with urologic consulta- 
tion or referral, is essential to deliver efficient care and optimize patient outcomes. 


History and Physical 


Patients typically present with acute onset of sharp, unilateral abdominal, or flank pain 
that may radiate to the groin and is often described as the worst they have experienced. As 
stones migrate distally in the ureter, pain may be more focused in the lower abdomen, 
groin, scrotum, or labia. Location of pain may correspond to stone location within the 
ureter. Pain is classically intermittent but can be constant with episodic exacerbations. 
Patients in acute colic are often restless and unable to find a comfortable position in con- 
trast to those with intra-peritoneal pathology such as appendicitis. 


A Clinical Guide to Urologic Emergencies, First Edition. Edited by Hunter Wessells, Shigeo Horie, 
and Reynaldo G. Gómez. 
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Table 4.1 Differential diagnosis of renal colic. 


Genitourinary 


Urinary tract obstruction 
Intrinsic (stones, clot, stricture, neoplasm) 
Extrinsic (malignancy, retroperitoneal fibrosis, endometriosis) 


Urinary tract inflammation/infection 
Pyelonephritis 
Cystitis 

Retroperitoneal hemorrhage 

Renal laceration 

Renal malignancy 


Ruptured, hemorrhagic, or enlarging renal cyst 


Vascular 
Aortic dissection 
Abdominal aortic aneurysm 


Abdominal organ ischemia 


Gastrointestinal 

Acute hepatitis 
Appendicitis 

Pancreatitis 

Cholecystitis 
Diverticulitis 

Acute gastritis 

Duodenal or gastric ulcer 
Bowel obstruction or perforation 
Constipation 

Volvulus 


Irritable bowel syndrome 


Gynecologic 

Ruptured ectopic pregnancy 
Ovarian cyst 

Ovulatory or menstrual pain 
Ovarian torsion 


Pelvic inflammatory disease 


Musculoskeletal 
Muscle strain 
Rib or spine fracture 


Ankylosing spondylitis 
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Table 4.1 (Continued) 


Neurologic 
Radiculopathy 
Fibromyalgia 
Endocrine 


Adrenal crisis 


Rheumatologic 


Systemic lupus erythematosus 


Other 
Munchausen syndrome 


Secondary gain 


Adapted from Miller and Stoller [6] 


Nausea and vomiting are common. Other findings may include gross hematuria; fevers 
and chills in the setting of systemic infection; or acute lower urinary tract symptoms such 
as urinary urgency and dysuria, which could be associated with concomitant UTI (urinary 
tract infection) or bladder irritation from a stone in the distal ureter. Stones that pass into 
the bladder can typically be easily expelled during urination. In rare circumstances, more 
likely seen with larger stones or urethral strictures, a stone could become trapped in the 
urethra. 


Additional Relevant History 


A pertinent urologic history should elicit prior nephrolithiasis episodes and stone type, 
associated surgeries or interventions, recent or recurrent UTIs, urinary tract reconstruc- 
tion, or congenital urinary abnormalities. Patients with a known history of uric acid stones 
may be candidates for medical stone dissolution with urinary alkalization. To risk stratify 
patients, it is important to elicit comorbidities that may guide management decisions, such 
as frailty, immune compromised status, bleeding disorders or active anticoagulation, and 
cardiopulmonary disease. A patient’s social situation can also factor into clinical decision- 
making, particularly those at risk for noncompliance, delayed follow-up, or limited access 
to healthcare. Patients should be queried as to any acute or chronic opioid use that may 
place them at risk for abuse. If there is any suspicion for opioid seeking behavior, many 
states in the United States have online registries, also known as prescription drug monitor- 
ing programs, that providers may use to screen prescription records throughout a state. 


Physical Exam 


Vital signs have a critical role in the management pathway. Signs of pyelonephritis or sys- 
temic infection require immediate attention and may include high-grade fevers (>38.5°C), 
hemodynamic instability in the form of hypotension with or without tachycardia, 


History and Physical 


diaphoresis, rigors, or altered mental status. Tachycardia or hypertension may be caused by 
pain and improved with analgesics. 

Costovertebral angle tenderness may be present in patients with acute renal colic. 
Abdominal exam findings may reveal localized tenderness on the ipsilateral upper or lower 
quadrant, without peritoneal signs. Diffuse abdominal tenderness may be present with 
pyelonephritis. Dry mucus membranes or poor skin turgor suggest dehydration. Genital 
exams are not typically warranted for renal colic evaluation, unless the patient notes focal 
genital or groin pain. 


Diagnostic Evaluation 


Laboratory 

Urine - Urinalysis (UA) with reflexive culture should be performed in the acute management 
of stones. Microscopic hematuria is common. The presence of white blood cells or leukocyte 
esterase can suggest infection or urinary tract inflammation from a stone, while nitrites, or 
bacteriuria are more specific for UTI or colonization. Urine is ideally collected prior to admin- 
istering antibiotics, since sterilization may occur within four hours of first dose. The absence 
of organism identification or antibiotic susceptibilities poses a challenge in appropriate treat- 
ment, particularly for patients with a history of recurrent urinary infections or multidrug 
resistant organisms. Patients with urease-producing organisms such as Proteus, Pseudomonas, 
Klebsiella, Staphylococcus, or Mycoplasma, may harbor bacteria-laden struvite (magnesium 
ammonium phosphate) stones and are prone to recurrent UTIs until the stone is removed. 

Serum — A basic metabolic panel and complete blood count can assist providers in 
triaging patients presenting with renal colic. Creatinine elevation is seen in ureteral 
obstruction or dehydration and is more pronounced in patients with chronic kidney dis- 
ease or a Solitary kidney. If available, it is helpful to compare serum creatinine levels with 
prior known baseline values to look for a relative elevation, particularly in patients with 
preexisting chronic kidney disease. The presence of concomitant electrolyte abnormali- 
ties with creatinine elevation, particularly hyperkalemia or acidosis, should prompt con- 
cerns for evolving renal failure or uremia. Dehydration secondary to vomiting or oral 
intolerance may manifest as a hypokalemic, hypochloremic metabolic alkalosis. Acute 
hyponatremia, acidosis, or coagulopathy can suggest sepsis. 

Leukocytosis may be secondary to infection or stress response. Coagulation studies 
(platelets, international normalized ratio (INR), prothrombin time (PT)/partial prothrom- 
bin time (PTT) are not routinely necessary, unless being considered for acute percutaneous 
interventions such as nephrostomy tube drainage. Blood cultures from two separate draw 
sites are recommended if there is concern for sepsis. 


Imaging 

Imaging plays an essential role in evaluation of acute renal colic, with the primary goal of 
looking for stone presence, size, location, and hydronephrosis. Kidney stones that pass into 
the ureter are most often found at three sites of physiological narrowing: the ureteropelvic 
junction, the crossing over the iliac vessels, and the ureterovesical junction. Approximately 
20% of patients that undergo imaging for flank pain will be diagnosed with a stone [7]. 
There are several options for imaging, each with their respective advantages and 
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No history of | History of 
Pregnant | < 18 years kidney stones kidney stones 
Prior Prior 
radiopaque stone non-radiopaque stone 
Abdominal x-ray 
Ultrasound* ster A and/or Ultrasound* 
or low-dose CT’ Uirasoind: 


No stone Non-obstructing Ureteral 
on imaging stone stone 
Outpatient Upper Definitive 
Urology Medical | urinary tract stone 
referral opua | decompression treatment 


* If incomplete or equivocal results on ultrasound (e.g. hydronephrosis without a visible stone, poor 
visualization, etc), consider low-dose CT KUB. 
^ Consider standard-dose CT for patients with body mass index (BMI) > 40 kg/m?. 


Figure 4.1 Suggested algorithm for diagnostic imaging for acute renal colic. Adapted from Miller 
and Stoller [6] 


disadvantages. Imaging practices may also be partly determined by healthcare system 
resources and availability. Providers should consider these factors when deciding on 
appropriate imaging. Figure 4.1 details a suggested algorithm of imaging evaluation; 
a comparison of imaging modalities is listed in Table 4.2. 

The gold standard remains non-contrast computed tomography (CT) of the abdomen 
and pelvis (CT KUB), with a median sensitivity and specificity of 98 and 97% respec- 
tively [8]. In the acute setting, CT (Figure 4.2) is ideal for assessing for other intra-abdomi- 
nal pathology, defining urinary tract anatomy and stone location, and measuring stone 
burden. The cumulative radiation exposure risk to kidney stone patients is significant and 
should be considered when deciding on CT imaging. A 2019 national study revealed that 
patients with active kidney stone disease received nearly 10x as many CT scans as non- 
kidney stone patients over a three-year period [9]. The use of low radiation dose CT KUB 
(<4mSv) is strongly encouraged if nephrolithiasis is high in the differential diagnosis, 
allowing for comparable sensitivity and specificity for stone detection compared to standard 
dose CT, with significantly less radiation exposure [10]. Despite concerns for compromise 
in imaging resolution with lower dose, a 2018 study using low dose CT at an effective dose 
average of 1.9mSv in patients with suspected nephrolithiasis found excellent sensitivity 
and specificity (92 and 96% respectively) for the detection of alternative non-stone diagno- 
ses (ex: UTIs, appendicitis, diverticulitis, etc.) [11]. Many hospital radiology departments 
now offer dedicated low dose or even ultra-low dose (<2mSv) CT scan protocols if 


Table 4.2 Comparison of imaging modalities for renal colic. 


History and Physical 


Sensitivity/ 
specificity for 
Imaging stone Radiation 
modality detection (%) (mSv) Cost” Advantages Disadvantages 
Plain film 57/76 0.7 1 e Low cost e Poor sensitivity 
(abdominal e Identifies radiopaque e Limited by intestinal 
x-ray) stones gas and body habitus 
e Can trend stone e No information 
size and location regarding obstruction 
Renal 61/97 0 5 e Identifies e Poor sensitivity 
ultrasound hydronephrosis e Overestimates stone 
and obstruction size 
e Can trend stone e Limited by body 
burden habitus 
e No ionizing e Provides limited 
radiation anatomy 
e Provides limited 
assessment of stone 
burden 
e Operator dependent 
e Poor visualization 
of ureter 
CT KUB 98/97 10 10 e Gold standard for e Cost 
stone diagnosis e Radiation 
Low-dose CT 94/86 3 10 e Less radiation than e Limited in obese 
KUB standard-dose CT patients with body 
e High sensitivity mass index >40kg/m? 
and specificity 
CT Abd/Pelvis 98/97 15 20 e Provides detailed =e Contrast required 
with IV abdominopelvic e Radiation 
S anatomy e Not recommended 
(2-phase) for routine stone 
workup 
CT 98/97 20 20 e Gold standard for e Contrast required 
intravenous evaluation of e Highest radiation 
pyelogram unexplained é Nöt recomended 
(IVP) or hematuria for routine stone 
Urogram 
eee workup 


Cost units compared to plain film (abdominal x-ray), per 2012 CMS data. 


specifically requested. It is important to note that CT urogram or the use of IV contrast is 
not routinely indicated for nephrolithiasis evaluation, as contrast in the kidney and upper 
urinary tract may obscure stone visualization. These multi-phase studies also expose the 
patients to superfluous radiation. Contrast can yield information about renal function and 
excretion and is useful for evaluating renal masses, gross hematuria, and upper urinary 
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<<. , Figure 4.2 CT KUB 
Retro demonstrating two ureteral 
stones (arrows) within the left 
proximal ureter with associated 
hydroureteronephrosis. Source: 
courtesy of Jonathan 
D. Harper, MD. 


Figure 4.3 Renal ultrasound 
shows a proximal ureteral 
stone (yellow cross marks) 
with associated 
hydroureteronephrosis. 
Source: courtesy of Jonathan 
D. Harper, MD. 


tract anatomy. If kidney stones are high on the differential diagnosis, a non-contrast phase 
CT is generally sufficient. 

Renal Ultrasound (US) (Figure 4.3) remains particularly useful as a point of care, cost-effec- 
tive, screening modality for upper urinary tract obstruction or nephrolithiasis without ionizing 
radiation. It is considered first-line imaging for pediatric or pregnant patients and should be 
strongly considered in adults with a known history of stones and prior CT imaging [12]. 
Although ureteral stones outside the ureteropelvic and ureterovesical junction may be difficult 
to identify with US, hydronephrosis secondary to obstruction can be readily seen, even in 
obese patients, which may guide management and help patients to avoid CT imaging. US is 
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Figure 4.4 Plain film abdominal 
x-ray demonstrates a large 
radiopaque left proximal ureteral 
stone (arrow) and two small distal 
ureteral stones versus vascular 
phleboliths (arrowhead). Source: 
courtesy of Jonathan D. Harper, MD. 
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estimated to cost half that of a CT scan. As US utilization and technology improve, there is an 
increasing role for US in the primary evaluation of acute renal colic patients. A large multi- 
center study randomized non-obese patients presenting to tertiary emergency departments 
with suspected nephrolithiasis to receive initial US versus CT KUB. Those undergoing initial 
US had significantly lower cumulative radiation exposure over six months, without a differ- 
ence in complications, adverse events, pain scores, return Emergency Department (ED) visits, 
or hospitalizations [13]. 

Abdominal plain films or “x-rays” (XR) (Figure 4.4) can serve as an adjunct imaging 
modality in the acute setting to image radiopaque stones. It is not typically recommended 
alone, as initial evaluation of renal colic patients, due to its inability to assess for obstruction. 
However, it may be used to monitor for movement or passage of a known radiopaque stone, 
seen on former XR or CT scout images. XR can also be used in combination with US to 
increase diagnostic sensitivity and accuracy. In combination, XR and US allows for improved 
assessment of urinary tract dilation, stone size, and location compared to either alone. 


Management of Symptoms 


Pain from renal colic is classically addressed with nonsteroidal anti-inflammatories (NSAIDs), 
opiates, and alpha-adrenergic receptor blockers. Providers should consider oral or parenteral 
NSAIDs for first-line pain relief, as studies have shown them to be at least as effective as 
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opioids [14]. NSAIDs provide directed analgesia with a relatively low side effect profile via 
prostaglandin inhibition, resulting in vasoconstriction of the afferent renal arterioles and 
direct relaxation of the ureter [15]. The reduced glomerular blood flow results in reduced 
urine production and can decrease distension of upper urinary tract and its associated pain. 
NSAIDs should be used with caution if taken for prolonged periods or at high doses. They 
should be avoided in patients with renal insufficiency or risk of gastrointestinal bleed. High 
dose acetaminophen (1g IV or PO), has similar mechanisms of action against prostaglandins, 
though with less potency [16]. It can serve as an alternative for patients with NSAID contrain- 
dications, but should be avoided in those with hepatic dysfunction. 

Parenteral and oral opiates provide potent pain relief when NSAIDs are contraindicated 
or ineffective. In the wake of the opioid epidemic, opioid prescriptions for renal colic 
patients should be limited and prescribed judiciously on an as-needed basis. To minimize 
or avoid the need for opioids, providers should consider multimodal non-opioid pain regi- 
mens. Scheduled maximum dose acetaminophen and ibuprofen is an example. Other med- 
ications that can supplement and provide benefit via alternative pharmacological pathways 
include gabapentin or tramadol. If opioids are prescribed, care should be taken to educate 
patients on potential side effects and the need to avoid driving or operating heavy machin- 
ery while taking the medication. Physician—patient pain contracts can also be considered 
up front, particularly in those with a history of chronic pain or opioid use, to define bound- 
aries and criteria, and should be coordinated with other physicians involved in the patient’s 
care. Stool softeners should be prescribed concomitantly to prevent constipation. 

Alpha-1 adrenergic receptor blockers (tamsulosin, alfuzosin), which are often used for 
medical expulsive therapy (MET), can supplement renal colic analgesia via ureteral smooth 
muscle relaxation. Nausea is often relieved with control of pain, although antiemetic ther- 
apy may be required. Nonpharmacologic therapies have also shown benefit, such as heat 
compresses or acupuncture to the flank or abdomen [17, 18]. Transcutaneous ultrasonic 
propulsion is under investigation as a noninvasive way to reposition stones and perhaps 
relieve pain and obstruction [19]. This remains experimental. 


Trial of Stone Passage/Medical Expulsion Therapy 


Patients with ureteral stones without an indication for urgent intervention (Table 4.3) 
should be considered for MET. Stones <5mm are estimated to have a 77% passage rate, and 
23% intervention rate, while those >5mm are estimated at 46 and 54% respectively [20]. 
Distal ureteral calculi (71%) are more likely to pass than proximal stones (22%) [21]. Four to 


Table 4.3 Indications for urgent decompression, via ureteral 
stenting or placement of percutaneous nephrostomy tube (PCN). 


Obstructing stone in the presence of any of the following: 
Infection 

Compromised Renal Function 

Solitary kidney or Bilateral Ureteral Stones 

Intolerable Refractory Symptoms 
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Table 4.4 Estimated spontaneous passage rate and time-to-passage, by stone width. 


Stone width Spontaneous passage rate” Mean passage time” 
1-4mm 85% 10 days 

5-7mm 50% 16 days 

7-9mm 15% 25 days 

>9mm < 10% Not reported 


° Estimates based on averages of multiple studies. 


six weeks may be allowed for trial of passage if patient symptoms are tolerable. XR (if the 
stone is radiopaque), US, or low dose CT KUB may be used to check for stone position or 
passage. Interval renal function labs should be considered in patients with acute kidney 
injury or preexisting chronic kidney disease. Table 4.4 reflects composite averages of stone 
passage rate and time based on stone size [22-25]. 

Ideal patients for MET are those with larger distal ureteral stones of 5-10 mm with well- 
controlled symptoms, adequate renal functional reserve, and without signs of systemic 
infection. Alpha blockers such as tamsulosin may relax ureteral wall smooth muscle and 
improve chances of successful stone passage by up to 20%. More contemporary data sug- 
gests this benefit is primarily for stones >5mm found in the distal third of the ureter at 
diagnosis [26]. Alpha blocker therapy has also been shown to reduce pain scores and the 
time to expulsion [27]. Patients receiving these medications should be advised of an 
approximate 1 in 10 chance of dizziness or hypotension, and in men, retrograde ejacula- 
tion. They should be avoided in patients with chronic hypotension or at risk for falls. Given 
the potential benefits and limited side effect profile of selective alpha-1 receptor blockers, 
it is reasonable to consider their use in the majority of patients undergoing MET. 

Calcium channel blockers (nifedipine) are an alternative option but thought to be infe- 
rior to alpha blockers [28]. Efficacy is attributed to ureteral smooth muscle dilation. 

A course of low-dose oral corticosteroids can be considered in combination with alpha 
blockers. Their use may help reduce inflammation and edema of the ureteral wall. Although 
a decreased passage time by two days has been reported, there was no difference in ulti- 
mate stone expulsion rate, analgesic use, lost workdays, and delayed hospitalizations when 
compared with alpha blocker alone [29]. The side-effect profile with corticosteroids is lim- 
ited at low doses and when using short therapy durations. 

While there is no substantial evidence of the role of hydration with stone passage rates, 
adequate fluid intake is recommended and may help with expulsion, while mitigating risk 
of future stone formation. General recommendations for stone prevention are 2-31 of fluid 
intake for a goal urine output of over 21/day [30]. 


Medical Dissolution Therapy 


Uric acid stones are radiolucent on XR and are typically under 500 Hounsfield Units on 
CT imaging. Urine pH is typically less than 5.5 in these cases. Patients with a known his- 
tory of uric acid stones can be considered for medical dissolution therapy with urinary 
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alkalization. By making the urine more alkaline (pH >6-6.5 ideally), uric acid stones can 
decrease in size or even dissolve completely back into solution [31]. Urinary alkaliniza- 
tion is usually accomplished with oral potassium citrate or sodium-based alkali. Patients 
started on therapy should be allowed four to six weeks minimum until repeat imaging 
and should have early follow-up for electrolyte and urine pH checks. 

Elevated serum uric acid levels can increase the risk for uric acid or calcium oxalate 
stone formation primarily based on urine pH. Hyperuricemia is not present in most 
stone formers, including those with uric acid stones. Concurrent hyperuricemia in 
patients with kidney stones should be considered for correction, for example, with 
medication such as allopurinol. Patients may have a history of obesity, gout, myelog- 
enous or lymphocytic proliferative disorders, recent chemotherapy, alcoholism, or 
excess purine intake. 


Acute Procedural Intervention 


Indications 


The most important determination is whether a patient needs urgent intervention 
(Table 4.3). After a thorough evaluation, the decision for urgent intervention versus outpa- 
tient management hinges on the presence or absence of ureteral obstruction with infec- 
tion, compromised renal function, patient symptoms, and social considerations. 

Infectious symptoms in a patient with an obstructing kidney stone are considered a uro- 
logic emergency and should prompt immediate management and urologic consultation. 
Infectious symptoms can include fever, rigors, tachycardia, hypotension, tachypnea, altered 
mental status, or any combination. Similar to an abscess, an obstructed system will have 
limited response to antibiotics and carries significant time-sensitive morbidity and mortal- 
ity risk. These patients can decline rather quickly, particularly in those with less functional 
reserve or immunocompromised status. In the presence of evolving sepsis or hemody- 
namic instability, fluid resuscitation, lab work including blood and urine cultures, as well 
as broad-spectrum antibiotics should be administered without delay, while concurrently 
arranging for emergent upper urinary tract decompression. 

In contrast to the above situation, patients with a non-obstructing renal stone and UTI 
symptoms do not require urgent procedural intervention and can be considered for antibi- 
otic therapy alone. Patients with ureteral stones without infectious symptoms, but incon- 
clusive UA, should be managed based on clinical suspicion and risk assessment. A healthy 
patient with a ureteral stone and inconclusive UA could be managed with or without 
empiric outpatient antibiotics and urine culture. Meanwhile, an inconclusive UA in a high- 
risk patient (e.g. elderly, pregnant, diabetic, or immunocompromised) should be managed 
with more caution with options of decompression, inpatient observation on antibiotics, or 
prioritized outpatient stone treatment. 

An obstructing stone with renal function compromise or renal failure is another indica- 
tion for urgent upper urinary tract decompression. Patients at highest risk include those 
with a solitary or transplant kidney, bilateral obstructing stones, or chronic kidney disease. 
In rare cases of fulminant uremia, urgent upper urinary tract decompression and hemodi- 
alysis should be carefully coordinated with a nephrologist. An acutely elevated creatinine 
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could also be attributed to hypovolemia secondary to oral intolerance and vomiting. 
For these suspected patients without other indications for acute drainage, one may con- 
sider symptom control and intravenous or oral fluid replacement, observation and recheck 
of renal function. 

Patients with intolerable renal colic symptoms (e.g. pain, nausea, vomiting, anorexia) 
that cannot be mitigated with outpatient oral medications, also warrant urgent interven- 
tion. Refractory renal colic symptoms usually require hospital admission for intravenous 
analgesics and hydration and are alleviated with upper urinary tract decompression or 
stone removal, which should be performed expeditiously to minimize length of hospitali- 
zation and polypharmacy. In our experience, these patients tend to have an increased likeli- 
hood of impacted stones with higher grades of obstruction. 

Patients with prolonged obstruction due to a ureteral stone, greater than four to six 
weeks, should receive priority for definitive stone treatment or urgent decompression if 
definitive management cannot be performed in the near future. The same consideration 
should apply for patients with large ureteral stones >10mm that are likely to fail trial of 
passage. Patients presenting with a chronically obstructing stone may demonstrate renal 
deterioration on imaging with calyceal blunting and renal parenchymal atrophy. In cases 
of high-grade or complete obstruction, irreversible renal injury can begin to occur within a 
few weeks [32]. 

Patient social elements may factor into relative indications for intervention. This includes 
those at risk for noncompliance, poor follow-up, or limited access to healthcare (e.g. home- 
lessness, living in remote area), as well as patients who cannot afford the risk of complica- 
tions while on MET or awaiting definitive stone treatment (ex: international traveling, 
high-stake work obligations such as commercial pilots). 


Upper Urinary Tract Decompression 


Upper urinary tract decompression is accomplished by placement of either an endoscopic 
ureteral stent (Figure 4.5) or percutaneous nephrostomy tube (PCN). Urinary drainage 
with either of these methods can alleviate renal colic symptoms, promote recovery from 
acute renal injury or infection, and facilitate future stone treatment. By alleviating the 
comorbidities associated with acute stone presentation, urinary decompression can tempo- 
rize patients until urologic follow-up and definitive management. 

Ureteral stents are hollow plastic tubes, typically 5-7 Fr diameter, with pigtail curls on 
each end. The stent runs the length of the ureter with the curls deployed in the bladder and 
renal pelvis for fixation. It is not uncommon for ureteral stones to be pushed back into the 
kidney at the time of placement, though most often the ureter dilates to accommodate both 
the stone and stent. It is rare for a stone to pass alongside the stent and as such, a definitive 
stone treatment is expected after the acute episode resolves. A string may be left attached 
that exits out of the urethra to facilitate stent removal; however, this is usually not done in 
the acute stone setting since a stone removal procedure may still be required. If no string is 
left, the stent is removed by performing an office cystoscopy. 

The stent’s primary advantage is that it is completely internalized and facilitates drainage 
by augmenting the pre-existing natural urine passage. Although typically placed under 
general anesthesia with fluoroscopic guidance, ureteral stents can also be placed in amena- 
ble patients under local anesthesia at the bedside [33]. Point-of-care US could improve this 
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Figure 4.5 Plain film 
abdominal x-ray demonstrates 
a right ureteral stent in 
appropriate position, with 
proximal curl within renal 
pelvis and distal curl within 
the bladder. Source: courtesy 
of Jonathan D. Harper, MD. 


technique in the absence of portable fluoroscopy. Ureteral stents have notable stent-associ- 
ated symptoms. Stent irritation of the upper urinary tract and bladder can result in hema- 
turia, spasms of abdominal and flank pain, as well as bothersome lower urinary tract 
symptoms such as urgency, frequency, and dysuria. Stent-associated symptoms can range 
from absent to severe, with the majority of patients falling in between. Because ureteral 
stents are completely internalized, they are at risk for being left in situ for prolonged peri- 
ods and encrusting if a patient fails to follow-up for removal. Patients need to be counseled 
appropriately about need for removal. Retained encrusted stents can contribute to loss of 
kidney and be very challenging to remove. 

PCNs are typically pigtail-type catheters that are placed directly through the patient’s 
flank into the renal collecting system. They are deployed with image guidance, most often 
renal US or fluoroscopy, using a Seldinger technique, and are secured in place with an 
external suture at the skin level and a separate suture within the tube that maintains the 
pigtail curl. They can be easily removed with little discomfort by cutting the two fixation 
sutures. Common tube sizes are around 8-10 Fr. In the acute setting, they are placed using 
local anesthesia with or without sedation, which makes them advantageous for hemody- 
namically unstable patients to avoid the hypotensive effects of general anesthesia induc- 
tion. PCNs are contraindicated in patients with underlying coagulopathy or on therapeutic 
anticoagulation. Morbid obesity, abnormal renal anatomy, lack of hydronephrosis, and 
patient difficulty lying prone can make percutaneous interventions more challenging but 
are not contraindications. PCNs are typically placed by Interventional Radiologists in the 
United States with a minority of Urologists performing the procedure for acute stone dis- 
ease. The tube is connected to a urinary drainage bag, which is acommon source of burden 
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for patients. Furthermore, placement of the tube through the flank can make it uncomfort- 
able for patients to lay on that side. 

Ureteral stents and PCNs have their respective advantages and disadvantages, which 
patients should be counseled about. When comparing outcomes, they are both effective at 
upper urinary tract decompression and have similarly rare complication rates [34]. From a 
quality of life perspective, PCNs may be slightly better tolerated than ureteral stents and 
require less analgesic use [35]. Although the patient’s clinical picture and preferences are 
important to consider when deciding on drainage options, there are additional relevant 
factors, including shortest time to decompression, availability of hospital resources and 
urologic or interventional radiologic staff, physician preference, future surgical stone treat- 
ment approach, and cost. After carefully taking into account the aforementioned variables, 
providers can decide on the best drainage option for the patient. 


Stone Treatment 


If urgent intervention is warranted, immediate definitive stone treatment in the form of 
lithotripsy or stone extraction may be considered in lieu of isolated drainage. Patients must 
be infection free and clinically stable to prevent risks of exacerbating their infection or 
clinical status with additional urinary tract manipulation or anesthesia time. This option 
may be considered for patients with isolated refractory renal colic symptoms, mild acute 
kidney injury, or in those that are not good candidates for MET (ex: large stone, patient 
preference). Even if the patient is a candidate for immediate definitive management, it is 
common for hospital workflow and resource availability to ultimately dictate when the 
procedure may take place. Furthermore, it is possible that attempting definitive stone man- 
agement acutely may prove difficult due to acute inflammation, edema, and ureteral stone 
impaction. If these findings arise intra-operatively, switching to drainage alone and surgi- 
cal deferral are recommended. 

The primary stone treatment options are ureteroscopy with stone extraction or laser lith- 
otripsy, extracorporeal shockwave lithotripsy, or percutaneous nephrolithotomy. All proce- 
dures are typically performed under general anesthesia on an outpatient basis, with the 
exception of percutaneous nephrolithotomy, which often involves overnight inpatient hos- 
pitalization. Generally, a stone burden <1.5cm is managed with ureteroscopy or extracor- 
poreal shockwave lithotripsy. For stones >2cm, percutaneous nephrolithotomy is the 
treatment of choice. 


Prognosis 


Renal colic patients proceeding with MET should receive appropriate discharge instruc- 
tions and follow-up arrangements. Patients should receive a urine strainer if available and 
be instructed to strain their urine to monitor for visual confirmation of stone passage. 
Stone capture will allow for stone analysis and eliminate unnecessary repeat imaging or 
surgery. Patients should be counseled regarding return precautions to the emergency 
department, in particular fever >38.5°C, intractable pain or nausea not responsive to oral 
medications, or oral intolerance. 
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Regardless of a patient’s initial disposition (MET, drainage, stone treatment), patients should 
have close follow-up with a urologist, ideally within two to four weeks if not sooner. Urologic 
follow-up accomplishes several goals: (i) to confirm stone clearance with symptom screening 
and possible interval imaging; (ii) to plan for stone and drain removal, if still present, in a 
timely fashion; iii) to offer counseling and metabolic evaluation for stone prevention; and (iv) 
to plan surveillance imaging for recurrence monitoring. Many academic hospital centers have 
dedicated centers or urologists specializing in kidney stones that may be preferable if available 
locally, but the majority of general urologists manage routine nephrolithiasis. 

It is important that renal colic patients managed as outpatients have follow-up regardless 
of symptom resolution. Patients that pass and capture their stone with complete resolution 
of symptoms typically do not require additional follow-up imaging to check for passage; 
however, patients that have resolution of symptoms, but do not clearly visualize their stone 
are at risk for a retained ureteral stone. It is possible that patients visualize some debris or 
small blood clot in the toilet that they mistake for their stone and do not capture. Retained 
ureteral stones over time can cause chronic irritation of the ureteral wall and result in asso- 
ciated scarring and stricture. An initially painful ureteral stone may remain in place but 
become less painful over time, if not asymptomatic. The resulting process, also known as 
“silent hydronephrosis” though reportedly rare among patients with ureteral stones, 
approximately 1% [36], is likely underreported, and can lead to long-term kidney damage 
or even failure if it remains undetected. 


Special Considerations 


Pregnant Patients 


Acute renal colic is the most common non-obstetric cause of hospital admission during preg- 
nancy [37] and doubles the risk of preterm delivery. [38] Management is similar to the gen- 
eral population, though with some unique considerations. To minimize radiation exposure, 
US should be considered as first-line imaging. For equivocal cases, assessing for ureteral jet 
and measurement of renal resistive indices can increase sensitivity of stone diagnosis. 
Transvaginal US can also be used for suspected distal ureteral stone if not seen with transab- 
dominal US. In cases of non-diagnostic US imaging, MRI (Magnetic Resonance Imaging), or 
ultra-low-dose CT (outside the 1st trimester if possible), can be considered with appropriate 
counseling of lower sensitivity and ionizing radiation risk, respectively [39]. 

Fifty to eighty percent of symptomatic stones during pregnancy will pass spontaneously 
with appropriate hydration and analgesia [14]. There is limited data suggesting that tamsu- 
losin can be safely taken for MET during pregnancy; however, caution is recommended, 
especially in the 1st trimester during organogenesis. [40, 41] Asymptomatic bacteriuria 
should be treated in this patient population, given elevated risk of pyelonephritis and fetal 
complications. 

Ureteral stents or PCN tubes can be placed for decompression; however, they are prone 
to faster rates of tube encrustation and require exchanges every four to six weeks. 
Ureteroscopy with laser lithotripsy or stone extraction under general anesthesia may be 
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performed relatively safely in the 2nd or 3rd trimester as an alternative to serial drain 
exchanges. Shockwave lithotripsy is contraindicated in pregnancy and percutaneous neph- 
rolithotomy is generally avoided. Coordination with an obstetrician is prudent prior to any 
procedural intervention to appropriately plan for fetal monitoring or other precautions. 


Pediatric Patients 


Evaluation and management of acute kidney stones in children is generally similar to that 
of adult patients with few exceptions. US should be considered as first-line imaging in this 
population to avoid radiation exposure and due to generally superior visualization of anat- 
omy, compared to adults. If CT KUB must be performed, low, or ultra-low dose imaging 
should be ensured. Urologic follow-up in this patient population is highly recommended 
due to the life-long elevated risk for stone recurrence, as well as the relatively higher rates 
of metabolic or urinary tract abnormalities, compared to adults. 


Conclusion 


Management of the acute kidney stone patient can be simplified to stone recognition and 
triage. Imaging evaluation should attempt to limit radiation exposure through the use of 
low-dose CT scans or US. Infection in the setting of an obstructing stone is time sensitive, 
potentially life-threatening, and warrants immediate decompression with a ureteral stent 
or PCN. Other indications for decompression are an obstructing stone with renal compro- 
mise, or intractable renal colic symptoms. Immediate lithotripsy or stone removal can be 
performed in clinically stable patients without infection. Effective decision-making and 
coordination between front-line providers (Emergency Medicine, Family Medicine, 
Internal Medicine) and specialists (Urology, Interventional Radiology) is required to 
achieve the best patient outcomes. Urologic follow-up is recommended, regardless of acute 
outcomes, for future stone prevention counseling. 
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Introduction 


Traumatic adrenal injury is rare, occurring in an estimated 0.15-2.4% of adult and pediatric 
trauma patients [1-4]. Adrenal injury in the blunt trauma patient is typically an incidental 
finding with little clinical significance, but can occasionally result in life-threatening 
complications such as hemorrhage or adrenal insufficiency. Historically, adrenal injury 
after blunt trauma was considered a marker of severe injury, though that relationship may 
no longer exist, as modern computed tomography (CT) allows for the detection of less sig- 
nificant adrenal injuries [5]. 

Adrenal hemorrhage is typically managed conservatively; when intervention is required, 
angio-embolization is preferred to adrenalectomy. Bilateral adrenal injury is rare, but when 
this occurs, adrenal insufficiency should be considered as a cause of shock and managed 
appropriately. While little data exist regarding long-term outcomes after adrenal injury, 
there is no known association with adrenal insufficiency. 


Relevant Anatomy 


The adrenal glands are paired organs located deep in the retroperitoneum, superior and 
medial to the upper pole of the kidney. Both glands are enclosed in the perirenal (Gerota’s) 
fascia and are separated from the upper pole of the kidneys by perirenal fat. The adrenal 
glands are not visible upon direct inspection of the retroperitoneum. Thus, the identifica- 
tion of the adrenal glands requires dissection and mobilization of adjacent structures and 
surrounding adipose tissue. The adrenal cortex is differentiated from its surrounding adi- 
pose tissue by its darker yellow color, finely granular surface, and firm consistency. The 
adult adrenal glands are 3-5cm in the greatest transverse dimension and weigh between 
4 and 6g. 
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The left adrenal gland has a semi-lunar shape. Its borders include the stomach, the tail of 
the pancreas, and the splenic vein and artery inferiorly. The right adrenal gland is pyrami- 
dal in shape. Its borders include the liver, the duodenum, and the inferior vena cava (IVC). 
The right adrenal gland often has a retrocaval extension. Both adrenal glands are in contact 
with the diaphragm posteriorly. 

The adrenal glands receive rich blood supply from three sources: the superior adrenal 
artery, a branch of the inferior phrenic arteries; the middle adrenal artery arising directly 
from the aorta; and the inferior adrenal arteries derived from the ipsilateral renal artery. 
Each adrenal gland has one vein. The left adrenal vein is approximately 2-3 cm in length, 
and typically drains into the left renal vein, which empties into the IVC. The right adrenal 
vein is less than 1cm in length and drains directly into the IVC at a 45° angle. The short 
length and direct course of the right adrenal vein into the IVC poses a challenge during 
adrenal surgery and may explain the greater incidence of adrenal injury on the right [6]. 


Etiology 


Blunt Trauma 


Blunt mechanism of injury accounts for the majority of traumatic adrenal injury [7]. 
Several mechanisms have been proposed for adrenal injury resulting from blunt trauma 
and relate to the unique vascular anatomy of the gland (Figure 5.1). Direct compression of 
the adrenal gland against the spine may occur, and is typically associated with rib fracture, 
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Figure 5.1 Vascular arrangement in the tail (A) and head/body (B) of the adrenal gland, 
demonstrating abrupt transition from arterial to venous circulation (“vascular dam”). (Source: from 
Ref. [28], with permission.) 


Staging 


reflecting the amount of force transmitted directly to the adrenal gland. These injuries are 
typically ipsilateral to the major source of trauma [6, 8]. 

Transient increases in intra-adrenal venous pressure due to compression of the IVC 
during blunt trauma may also result in adrenal injury. This occurs because the vascular 
architecture of the adrenal gland creates a relative vascular dam where all the blood supply 
is drained into relatively few venules and a single adrenal vein in each side (Figure 5.1). 
The small adrenal venules cannot accommodate the acute rise in the adrenal vein pressure 
and are vulnerable to rupture. This mechanism is thought to account for the greater inci- 
dence of right-sided injuries, since the very short right adrenal vein communicates directly 
with the IVC [8]. 

Rapid deceleration has also been implicated in blunt trauma adrenal injury and is 
thought to result from shearing of small sinusoids and venules in the adrenal medulla and 
juxtamedullary cortex (Figure 5.1) [6]. Rarely, avulsion of the right adrenal vein has been 
reported [9]. 


Penetrating Trauma 


Penetrating injury is a rare cause of traumatic adrenal hemorrhage, accounting for up to 
18.6% of traumatic adrenal injury in adults [7] and 4% in the pediatric population [4, 10]. 
Nearly all penetrating adrenal injuries are associated with injuries to surrounding struc- 
tures such as the spleen, kidney, paraspinal muscles, pancreas, liver, diaphragm, great ves- 
sels, and stomach [8]. 


Staging 


The Organ Injury Scaling (OIS) Committee of the American Association for the Surgery of 
Trauma (AAST) devised injury severity scores for individual organs to facility clinical risk 
stratification and outcome research. The OIS classification scheme for adrenal injury 
(Table 5.1) was published in 1996 [11] and has not undergone any formal reclassification 
since its original publication. The OIS grades I to V represent increasingly severe injuries 


Table 5.1 The American Association for the Surgery of Trauma (AAST) organ injury scaling for the 
adrenal injury [11]. 


Grade’ Description of Injury 

I Contusion 

II Laceration involving only cortex (<2 cm) 

Ill Laceration extending into medulla (>2 cm) 

IV >50% parenchymal destruction 

Vv Total parenchymal destruction (including massive intraparenchymal hemorrhage) 


Avulsion from blood supply 


“Advance one grade for bilateral lesions up to grade V. 
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based on potential threat to the patient’s life. Unlike in renal trauma, there is currently no 
guideline on the management of adrenal trauma based on AAST OIS grades [12]. 


Presentation 


Since isolated traumatic adrenal injury is extremely rare, patients with adrenal trauma 
often present with nonspecific signs and symptoms of multi-organ trauma. Organs com- 
monly injured in association with adrenal trauma include the liver (57.8-63.1%), ribs 
(42.1-50.9%), kidney (46.2-41.3%), spleen (32.9-34.4%), diaphragm (22%), pancreas (19%), 
and bowel (24%) [1, 7, 13, 14]. Over half of patients have tender abdomen, contusion, 
abrasion, seatbelt signs, and hematuria; about one-third of patients present with thoracic 
injuries, including pulmonary contusion, pneumothorax, hemothorax, or back tenderness; 
and hemodynamic instability occurs in 11.4-30.7% of cases [7, 14]. Laboratory evaluation 
of patients with traumatic adrenal hemorrhage may be normal or indicate anemia or elec- 
trolyte disturbances consistent with adrenal insufficiency. 

Primary adrenal insufficiency is a rare finding in patients with bilateral adrenal injury, 
and may not occur until 90% or more of adrenal tissue is affected [14-19]. Nonetheless, 
these patients should be monitored for symptoms and signs of adrenal insufficiency, which 
include abdominal pain, nausea, altered mental status, hypotension, hyponatremia, hyper- 
kalemia, and acidosis [20]. The diagnosis of adrenal insufficiency requires a high index of 
clinical suspicion and can be confirmed with serum cortisol and adrenocorticotropic hor- 
mone (ACTH) stress test. 


Imaging 


There is no clinical indication for adrenal imaging in the setting of blunt or penetrating 
trauma. As a result, adrenal injury is often discovered incidentally on CT imaging follow- 
ing trauma. Typical CT findings of traumatic adrenal injury includes focal adrenal hema- 
toma (30-83%), diffuse irregular hemorrhage obliterating the gland (9-17.1%), adrenal 
gland swelling (4.9-18%), periadrenal fat stranding (11-93%), diffuse hemorrhage in the 
adjacent retroperitoneum (9.8-22%), and compression of the adrenal gland by adjacent 
traumatic injuries (3.7%). In rare cases, adrenal gland rupture and active extravasation of 
contrast material from ruptured adrenal arteries and veins is demonstrated on CT 
(Figure 5.2) [21-23]. 

It can be challenging to distinguish adrenal hemorrhage from adenoma and malignancy. 
Adrenal injury typically appears as a hyper-attenuating (40-90 HU), homogenous, non- 
enhancing adrenal mass (Figure 5.3). Periadrenal fat stranding is a characteristic feature 
that is more typical of adrenal trauma and uncommon in adrenal adenoma and malig- 
nancy. Over time, adrenal hematomas may calcify and typically decrease in size or resolve 
completely [22, 23]. 

Clinically insignificant adrenal adenomas are typically small (<4cm), hypo-attenuating 
(<10 HU), homogenous, enhancing, demonstrate rapid washout (>50% contrast wash-out 


Imaging 


Figure 5.2 Contrast enhanced axial abdominal CT image demonstrating right adrenal gland 
rupture (arrow). (Source: from Ref. [21], with permission.) 


Figure 5.3 Contrast enhanced axial abdominal CT image of a two-year-old patient who suffered 
left adrenal gland trauma and traumatic brain injury as a result of a motor vehicle collision. 

The image reveals a hypodense region in the left adrenal gland with stranding of the periadrenal 
fat, consistent with left adrenal hematoma. The hyperdense structure in the stomach represents 
feeding tube. (Source: from Ref. [4], with permission.) 


on 10-minute delay), and remain stable in size over time. In contrast, adrenal malignancies 
vary in size, attenuation, homogeneity, and often increase in size over time. The character- 
istic feature of adrenal malignancy is contrast enhancement and retention, with <50% 
washout after 10 minutes. If the nature of an adrenal mass cannot be clearly determined on 
a CT scan, a follow-up study two to four months later is recommended [23]. 
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Other imaging modalities, including ultrasound, magnetic resonance imaging (MRI), 
and angiography, are poorly studied in the context of acute adrenal injury, limiting their 
utility. Sonography may be helpful in monitoring adrenal hematomas over time, particu- 
larly in children [24]. 


Management 


Traumatic adrenal injury, while often discovered incidentally, is associated with high injury 
severity in multiple organs. Trauma patients who sustain adrenal injury have up to five 
times higher mortality rates compared to patients who do not suffer from adrenal injury [9]. 
The complications and deaths of patients with traumatic adrenal hemorrhage are largely 
due to concomitant injuries rather than from the adrenal trauma itself. Thus, the initial 
management of patients with traumatic adrenal injury is directed at controlling associated 
injuries such as liver laceration, pulmonary contusion, and renal trauma. 

The general approach is governed by the extent of adrenal cortical injury, the status of 
the contralateral adrenal gland, the patient’s hemodynamic stability, electrolyte abnormali- 
ties, and associated injuries. 

Patients who are hemodynamically stable after adrenal injury can be safely observed. In 
modern trauma series, nearly all patients with adrenal trauma have been effectively man- 
aged non-operatively [4, 7, 13, 14]. 

Relative indications for operative intervention include high-grade adrenal injury with 
extensive parenchymal damage in the context of intraperitoneal injuries that require explo- 
ration. Surgical options include total adrenalectomy in patients with preserved contralat- 
eral gland or partial adrenalectomy and adrenal gland repair to preserve adrenal function 
and prevent adrenal insufficiency in patients who require bilateral adrenal resection. 
Successful angio-embolization of massive unilateral traumatic adrenal hemorrhage has 
been reported [25, 26] and is the preferred management strategy for isolated adrenal hem- 
orrhage requiring intervention. Because of the redundant vascular supply, selective angio- 
embolization is unlikely to result in adrenal insufficiency. 

Adrenal insufficiency following bilateral traumatic adrenal hemorrhage is treated simi- 
larly to acute adrenal insufficiency from other causes. Goals of medical management are: 
replace cortisol deficiency; treat hypotension, preferably with volume resuscitation; and 
reverse electrolyte abnormalities, i.e. hyponatremia and hyperkalemia. Parenteral bolus of 
100mg (or 50mg/m/” for children) hydrocortisone can be given immediately, followed by 
200mg (50-100mg/m/? for children) hydrocortisone given continuously over 24hours or 
divided into four 6-hourly injections. Once patients are more stable, glucocorticoid replace- 
ment can be administered in two to three daily oral doses (e.g. 15-25 mg hydrocortisone TID, 
to correspond with physiological pulsatile cortisol secretion). Mineralocorticoid replace- 
ment (e.g. 0.05-0.1 mg oral fludrocortisone daily morning dose) is also required in patients 
with primary adrenal insufficiency. Dose adjustment should be based on clinical parame- 
ters, such as blood pressure, salt craving, and serum electrolyte levels rather than serum 
cortisol levels [27]. Patients with primary adrenal insufficiency should follow-up with an 
endocrinologist every three to four months during the first year and annually until symp- 
toms of adrenal insufficiency resolve or patients are stable on treatment regimen [27]. 
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Complications of Adrenal Trauma 


Long-term sequelae of adrenal trauma are minimal. All reported cases of primary adrenal 
insufficiency following traumatic injury requiring corticosteroid therapy were recoverable 
without need for long-term medical management [14-19]. 


Conclusion 


Traumatic adrenal injury is rare because of its protected location in the retroperitoneum. 
Abdominal CT is essential for accurately diagnosis and staging. While adrenal hemorrhage 
is typically managed conservatively, intervention in the form of angio-embolization, partial 
adrenalectomy, or adrenalectomy may be necessary. Patients with bilateral adrenal injury 
should be monitored for adrenal insufficiency and treated appropriately. 
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Introduction 


Trauma is a frequent cause of death and disability. Injuries were the third most common 
causes of death worldwide, accounting for approximately 9% of mortalities in 2012 [1]. In 
2013, the Center for Disease Control data reported “unintentional injury” as the fourth 
leading cause of death for all age groups in the U.S. and injury-specific mechanisms repre- 
sented the top three causes of mortality for ages 15-34 [2]. Genitourinary injuries are iden- 
tified in 10% of hospitalized trauma patients [3], typically in the context of complex 
polytraumatic injuries [4]. However, traumatic ureteral injuries are relatively rare, repre- 
senting less than 1% of all genitourinary injuries in historical studies [5, 6]. Recent work by 
Siram et al. demonstrated a higher rate of traumatic ureteral injury at 2.5% in a retrospec- 
tive analysis of almost 23000 genitourinary injuries identified in the National Trauma 
Database from 2002-2006 [7]. The greater frequency of traumatic ureteral injury is believed 
to be secondary to enhanced imaging techniques and improved trauma outcomes resulting 
in a larger proportion of patients surviving from point of injury to higher-level care. 


Anatomical Considerations 


Located in the retroperitoneum, the ureters are narrow in caliber and well protected by 
surrounding organs and musculoskeletal structures. The proximal ureter begins at the 
ureteropelvic junction and transitions to the mid ureter as it crosses the sacroiliac joint. 
The middle ureter spans the sacro-iliac region to become the distal ureter as it enters 
the true pelvis. The ureters course anterior to the posterior abdominal wall musculature 
and are in closest proximity to the quadratus lumborum, psoas muscles, and the iliacus 
as they enter the bony pelvis. The lumbar spine is medial and posterior to the abdomi- 
nal portion of the ureter. The “pelvic ureter” begins as it crosses the common iliac 
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vessels and is associated with the ilium posteriolaterally and the sacrum posteriomedi- 
aly. Abdominal and pelvic organs overlie the ureter throughout its course. While its 
location explains the high rate of iatrogenic ureteral injury during colorectal, gyneco- 
logical, and vascular surgical procedures, the deep, well-protected nature of the ureter 
likely explains its lower vulnerability to violent trauma when compared to other geni- 
tourinary organs. 


Mechanisms of Injury 


Penetrating ureteral trauma is the most common mechanism of injury across multiple 
single-institution case series and retrospective reviews [5, 6, 8, 9]. It is noteworthy that the 
preponderance of ureteral trauma literature reports mostly on penetrating trauma, with 
most studies focusing on gunshot wounds (GSW) alone, potentially overestimating the 
incidence of gunshot-related ureteral injuries [6]. While ureteral injuries occur in only 
2-4% of abdominal GSWs [10, 11], GSW injuries are nonetheless predominant in the pen- 
etrating ureteral trauma literature. 

Due to points of fixation at the ureteropelvic and ureterovesical junctions, the ureter is 
susceptible to avulsion injury as a result of rapid deceleration or violent motor vehicle 
trauma [12]. Additionally, severe distraction of skeletal structures can lacerate or avulse the 
ureter. Whereas historical studies estimated blunt ureteral trauma to comprise only 4-6% of 
all traumatic ureteral injuries [6, 9], the National Trauma Data Bank (NTDB) series reported 
a much higher frequency of 38% [7]. Another key finding of this study was the significant 
difference in Injury Severity Score (ISS) for blunt (21.5) versus penetrating (16.0) injuries, 
further highlighting the severity of trauma associated with blunt ureteral injury. 


Concomitant Injuries 


Approximately 90% of traumatic ureteral injuries occur in the setting of polytrauma [13]. 
Associated injuries are not surprising given the ureter’s anatomical proximity to intra- 
abdominal, retroperitoneal, vascular, and skeletal structures. The American Association 
for the Surgery of Trauma (AAST) grades ureteral injuries based on the presence and size 
of the laceration/transection, as well as the presence and size of associated devasculariza- 
tion adjacent to the transection (Table 6.1) [14]. This classification scheme has been previ- 
ously validated and demonstrated to correlate with the complexity of ureteral repair and 
number of associated injuries [9]. Bowel injuries are the most common injuries associated 
with ureteral trauma. In the largest single-institution series on GSWs to the ureter, bowel 
injuries represented 56% of all observed concomitant injuries [15]. While penetrating ure- 
teral injuries are commonly associated with bowel and vascular injuries, blunt ureteral 
injuries are more likely to be associated with pelvic and/or vertebral fractures. Additionally, 
blunt trauma is more frequently associated with arterial injury compared to the venous 
injuries more common to penetrating trauma (Table 6.2). In fact, the 38% incidence of vas- 
cular injury in the NTDB series is more than twice the previously reported incidence of the 
largest single-institution series [15]. 


Diagnosis 


Table 6.1 AAST organ injury scale: ureter. 


Grade’ Injury Type Description of Injury 

I Hematoma Contusion or hematoma without devascularization 
II Laceration <50% transection 

Tl Laceration >50% transection 

IV Laceration Complete transection with 2cm devascularization 
V Laceration Avulsion with >2cm devascularization 


“Advance one grade if multiple lesions exist Source: adapted from Moore et al. [14]. 


Table 6.2 Ureteral trauma: patterns and mechanism of injury. 


Associated Injuries % Blunt (n = 224) % Penetrating (n = 358) 
Vascular 

Artery 9 17 
Vein 5 27 
Hollow viscus 

Small intestines 3 46 
Colon and appendix 7 44 
Rectum 1 7 
Bony Injuries 

Pelvic fracture 20 1 
Vertebral fracture 3 <1 


Source: adapted from Siram et al. [7]. 


Diagnosis 


Immediate signs and symptoms of traumatic ureteral injury are largely non-specific. In 
penetrating trauma, the trajectory of the missile or stab wound may be the first indication 
of a ureteral injury during the primary trauma survey. Physical examination findings for 
blunt trauma are less reliable, though flank ecchymosis or a “seatbelt sign” might raise 
suspicion for renal, ureteral, and/or bladder injury. Hematuria is absent in 15-56% of ure- 
teral injuries and this absence may be a factor in delayed diagnosis of traumatic ureteral 
injuries [13, 15, 16]. The presence of hematuria warrants thorough evaluation, either pre- 
operative or intra-operative, depending on the specific clinical condition of each patient. 


Diagnostic Imaging 


The sensitivity of radiographic testing in the setting of ureteral injury has been reported as 
low as 20% [17]. Intravenous urography (IVU) has an unacceptably high non-diagnostic 
rate with an estimated cumulative sensitivity of 51% [18]. An explanation for the high 
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false-negative rate of IVU is the possibility that some of the studies performed might not 
reflect a “complete IVU,” with the requisite scout, serial images at 5-20 minutes, oblique 
views, bladder, and post-void images. Nonetheless, the “complete IVU” was considered in 
2004 by experts to be a reliable and accurate modality in stable patients [19]. Thus, when 
CT (computed tomograpy) is not available, IVU findings suggestive of traumatic ureteral 
injury include frank extravasation of contrast, non-visualization of the affected system, 
hydronephrosis and medial deviation of the ureter [15]. Finally, despite its high accuracy, 
retrograde pyelography is cumbersome and time-consuming and thus not typically appro- 
priate in the acute trauma setting. 

Well-established clinical practice guidelines from the American Urological Association 
(AUA) and the European Association of Urology (EAU) recommend intravenous (IV) con- 
trast enhanced abdominal/pelvic CT with 10minute delayed imaging for stable trauma 
patients with suspected ureteral injuries [20, 21]. Ureteral injuries should be suspected 
based on the clinical criteria discussed above (high energy blunt trauma, penetrating 
abdominopelvic injuries). Findings suggestive of traumatic ureteral injury include contrast 
extravasation (Figure 6.1), ipsilateral delayed pyelogram/hydronephrosis (Figure 6.2), and 
lack of contrast in the ureter distal to the suspected injury. When contrast is not given or 


Figure 6.1 Right proximal ureteral injury after GSW. Note contrast extravasation. Source: courtesy 
of Steven J. Hudak, MD. 


Diagnosis 


Figure 6.2 Delayed nephrogram and hydronephrosis associated with right ureteral injury after 
GSW. Source: courtesy of Steven J. Hudak, MD. 


10-minute delayed images are not obtained, findings are less specific, including subtle 
perinephric stranding, low-density retroperitoneal fluid, ureteral dilation/deviation, or 
bladder displacement [7, 22]. 


Intra-operative Diagnosis 


A significant proportion of patients with traumatic ureteral injuries will proceed directly 
to the operating room for exploratory laparotomy prior to radiographic evaluation, due to 
patient instability or mechanism of injury. International series on traumatic ureteral inju- 
ries report rates of intra-operative diagnosis of 40-85% in patients without pre-operative 
imaging [23, 24]. The sensitivity of intra-operative identification was reported at 88.9% on 
a meta-analysis [16] of the traumatic ureteral injury literature, with a range of 63-95% in 
selected series [5, 25]. Hence, intra-operative diagnosis remains the most common and 
reliable means of identifying traumatic ureteral injuries. During exploratory laparotomy, 
identification of a retroperitoneal hematoma or fluid collection combined with organ inju- 
ries in the vicinity of the ureter raises the suspicion of traumatic ureteral injury. 

The AUA Urotrauma Guideline states that direct ureteral inspection during laparotomy 
is necessary for all patients with suspected ureteral injury without pre-operative imag- 
ing [20]. Various adjunctive techniques can be utilized to aid in detection of these injuries 
at the time of operative exploration. Intravenous methylene blue or indigo carmine may aid 
in detection of transecting ureteral injuries, but will not identify ureteral contusions and 
may be less reliable for the hypotensive patient with poor perfusion and thus low urine 
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output. The same dyes can be injected into the renal pelvis or ureter, but care must be taken 
to avoid spillage as this can obscure the operative field. Retrograde instillation of dyes or 
contrast can also be performed via cystoscopic or open cannulation of the ureters, but this 
approach may also miss significant ureteral contusions. Placing each individual injury pat- 
tern in the context of the stability of the patient (see next section) will help the surgeon 
decide how extensive the intra-operative process to diagnose a suspected traumatic ureteral 
injury should be. Finally, the intra-operative “one-shot” intravenous pyelogram (IVP) does 
not reliably exclude traumatic ureteral injuries and thus should not be used for this 
purpose [19]. 


Delayed Diagnosis 


Unfortunately, a significant number of ureteral injuries are not recognized at the time of 
initial laparotomy. The rate of missed ureteral injury varies greatly across single-institution 
series but is on average 38% [13]. Kunkle et al. cited patient intra-operative factors germane 
to the complex polytrauma patient such as bleeding, hypotension, coagulopathy, and hypo- 
thermia contributing to missed ureteral injuries. Surgeon-specific factors include inade- 
quate retroperitoneal exploration and inappropriately low index of suspicion for ureteral 
injury. Proximal ureteral injuries are more prone to delayed recognition due to their less 
accessible location and greater potential to be confounded by the presence of a perinephric 
hematoma when a concomitant renal laceration is present [16, 17]. Finally, some traumatic 
ureteral injuries may be dynamic in their manifestation, particularly when caused by GSWs 
or high-energy blast mechanisms. Cass reported on a series of 12 patients with ureteral 
contusions secondary to GSWs. Two injuries were repaired primarily at initial exploration 
due to intra-operative appearance of the ureter, while the remaining 10 injuries were 
observed, of which two eventually developed urinary fistula [26]. 

The eventual diagnosis of missed ureteral injuries presents unique management chal- 
lenges in the short and long term. Signs and symptoms may be nonspecific, including flank 
or abdominal pain, anorexia, ileus, fever, and in severe cases of ongoing urinary extravasa- 
tion, peritonitis and/or sepsis. Elevated serum creatinine can be indicative of peritoneal 
absorption of extravasated urine, while more specific findings include urinary drainage 
from surgical drains or urinary-cutaneous fistula. Urinary leak is confirmed by sending the 
effluent for creatinine. Management is discussed below, but in all cases begins with urinary 
diversion (with nephrostomy tube or ureteral stent), urinoma drainage, and appropriate 
treatment of the associated infection (Figure 6.3). 


Diagnostic Endoscopy and Urography 


Endoscopic evaluation and treatment may be required at different stages in the evaluation 
and management of traumatic ureteral injuries. Due to trauma acuity, endoscopic evalua- 
tion may not always be possible or practical at initial presentation or laparotomy. Many 
modern trauma operating rooms now have combined fluoroscopic capabilities, which 
would allow urologists to incorporate these interventions earlier in their management of 
complex polytrauma patients. Retrograde or antegrade urography may be necessary when 
CT or IVU findings are equivocal or in the delayed detection and management of suspected 
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Figure 6.3 Missed distal ureteral injury detection and management. (a) Partial Ureteral Injury 
(yellow arrow) and urinoma (white arrow). (b) Partial Ureteral Injury (yellow arrow) and urinoma 
(white arrow). (c) Urinoma (U) and Bladder (B). (d) Percutaneous drain (arrowhead). Source: courtesy 
of Steven J. Hudak, MD. 


injuries. Finally, diagnostic endoscopy and urography is a useful adjunct in surgical 
planning for definitive reconstruction in the later stages of damage control surgery. 


Management 


Advanced Trauma and Life Support (ATLS) guidelines dictate initial evaluation and treat- 
ment of all trauma patients and genitourinary injuries must be managed without violating 
ATLS and damage control surgical principles. Coexisting life-threatening injuries take 
precedence and patient physiology may further influence the ability to assess for traumatic 
ureteral injury in an acute versus a delayed setting. In the exploratory surgical setting, care- 
ful attention must be paid to location of ureteral injury along with degree of tissue devitali- 
zation. Furthermore, in penetrating trauma secondary to GSWs, ballistic effects of the 
missile must be well understood, as direct and indirect cavitary forces can have immediate 
and potentially delayed tissue effects. Santucci et al. have thoroughly examined the wound 
ballistics literature and report on several accepted fallacies of gunshot injuries. Specifically, 
their review highlights the difference between high- and low-velocity ballistics in terms of 
tissue effect and explains how the effects of high-velocity missiles are overestimated and 
misrepresented in the literature. Further attention is given to the quality of the missile 
(jacketed vs. unjacketed), as experimental studies and clinical correlates clearly demon- 
strate the profound tissue effects of unjacketed projectiles. The collective evidence pre- 
sented as part of their review challenges the dogmatic recommendation for wide excision 
of tissue in high velocity wounds in favor of judicious debridement to limit the extent of 
iatrogenic injury at the time of surgical exploration [27]. An added benefit of a staged, 
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“damage control” approach may allow time for certain blast or contusive injuries to declare 
themselves (further discussed below). 


Ureteral Contusions 


Ureteral contusions are the least severe of the traumatic injuries; however, their evaluation 
and management require a certain degree of clinical intuition and vigilance. There is con- 
troversy regarding optimal management of these injuries. Potential treatment options in 
the intra-operative setting include observation, excision, and debridement with uretero- 
ureterostomy or endoscopic management with indwelling ureteral stent. The decision to 
employ any of these options is based upon clinical assessment of tissue compromise and as 
previously discussed, even “normal” appearing ureters at exploration may eventually man- 
ifest delayed complications such as urinary extravasation and/or ureteral stricture. It is 
noteworthy that in the ureteral contusion series by Cass, only two injuries were repaired 
primarily and none of the remaining injuries were treated with ureteral stenting. It is the 
expert opinion of the AUA Urotrauma panel that all ureteral contusions diagnosed at lapa- 
rotomy should be treated with either ureteral stenting or resection with primary repair 
based on ureteral viability and clinical scenario [20]. There is no reported recommendation 
for duration of indwelling stent and choice of follow-up imaging is at the discretion of the 
clinician. The authors’ practice is to stent ureteral contusions when surgical exploration 
confirms intact ureteral mucosa. Unless complications arise or the patient’s status prohib- 
its, the stent is removed in two to four weeks and a renal ultrasound is performed one 
month later. Symptomatic patients and/or the finding of hydronephrosis on ultrasound are 
usually managed with temporary nephrostomy tube drainage followed by definitive ure- 
teral reconstruction three to six months later, depending on the overall clinical scenario. 


Surgical Principles 


The extent of tissue devitalization and the level of the ureteral injury will influence the 
plan for ureteral reconstruction. In stable patients, it is recommended that traumatic ure- 
teral lacerations be repaired at the time of laparotomy. The AUA Urotrauma Guideline 
further recommends that injuries proximal to the iliac vessels be repaired primarily over a 
ureteral stent, whereas injuries distal to the iliac vessels should be treated with ureteral 
reimplantation or primary repair over a stent whenever possible [20]. Depending on the 
length of ureteral loss, primary ureteral repair or reimplantation may be challenging, if not 
impossible. Techniques such as bladder mobilization and downward nephropexy have 
been described in ureteral reconstruction and may be used alone or in conjunction with 
other accepted ureteral reimplantation techniques such as bladder hitch or flap [28]. 
Careful ureteral mobilization should aim to preserve the adventitial blood supply. After 
judicious debridement of non-viable tissue, a widely spatulated, tension-free and water- 
tight anastomosis should be performed in order to optimize the success of the reconstruc- 
tion. Simple penetrating ureteral trauma (from stab injury or low velocity projectile) rarely 
requires extensive debridement, whereas blast injuries should be considered in the context 
of trauma to the surrounding tissues. Questionable ureteral viability may necessitate tem- 
porizing urinary drainage and a second operative look in accordance with damage control 
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Figure 6.4 Antegrade nephrostogram 
after prior ureteral ligation due to 
major concomitant vascular injury and 
colonic injury. Source: courtesy of 
Steven J. Hudak, MD. 


surgical principles. In situations of extensive ureteral loss, transureteroureterostomy can be 
performed but is rarely reported in the setting of acute trauma; ileal interposition is strongly 
discouraged in the acute trauma setting due to the need for bowel preparation and con- 
traindication in the setting of impaired renal function [29]. In such cases, where complex 
reconstruction is needed, a patient would be better managed with temporary urinary drain- 
age followed by delayed definitive repair [20]. Buccal mucosal graft augmented ureteral 
reconstruction is being performed more frequently and can be considered in repairs of 
proximal and mid-ureteral injuries in an onlay or augmented anastomotic fashion 
(Figure 6.4). Ureteral repairs may be retroperitonealized or wrapped with omentum to 
reduce the risk of leakage and improve vascularity [28]. Passive or closed-suction drains 
can be placed in the area of the repair and may be of diagnostic value in identifying delayed 
necrosis leading to anastomotic failure and urine leak. Given the association of ureteral 
trauma with hollow viscus injuries and intra-abdominal contamination, there may be hesi- 
tation to undertake definitive ureteral reconstructions in this setting. Azimuddin et al. 
refute this notion and provide evidence for reconstructive success, even in the setting of 
gross intra-abdominal contamination, with the repair failures in this series not correlated 
with the degree of intra-abdominal soilage [25]. Ultimately, proper assessment of the 


99 


100 


External Ureteral Trauma 


severity of ureteral injury along with meticulous surgical technique results in successful 
repairs reported at approximately 80% across multiple series [10, 15, 30]. 


Damage Control Surgery 


Over the past 25 years, the principle of damage control surgery has evolved to include appli- 
cations for multiple surgical subspecialties in the care of the complex polytrauma patient. 
Basic tenets of damage control surgery include abbreviated laparotomy with control of life- 
threatening injuries and contamination (phase 1) followed by correction of coagulopathy, 
metabolic derangements, and normalization of body temperature (phase 2). Usually by 
72hours, the third phase of damage control surgery typically involves multiple definitive 
surgeries in preparation for prolonged critical care support or eventual recovery [31]. In 
their validation of the AAST classification for ureteral injuries, Best at al. established the 
association between traumatic ureteral injuries and overall severity of trauma, as indicated 
by mean ISS >15 (major trauma) [9]. Initial applications of damage control principles in 
urologic trauma included exteriorization of the transected ureter as a “tube ureterostomy” 
or management with stenting of partial injuries [25]. Smith et al. describe the utilization of 
“single J” stents for tube ureterostomy and secure the stent to the proximal end of the ure- 
teral defect with a permanent suture to prevent dislodgement. Pediatric feeding tubes can 
be used in a similar manner when urinary stents are not available. Tube ureterostomy pre- 
vents urinary extravasation while facilitating ureteral reconstruction during a subsequent 
laparotomy once the patient has been stabilized. When patient instability, concomitant 
injuries, and/or the degree of ureteral loss prohibit reconstruction in the acute phase, the 
ureter should be ligated at the proximal end of the defect (Figure 6.5). A percutaneous 


Figure 6.5 Augmented anastomotic buccal ureteroplasty. (a) Viable ureteral ends anastomosed 
dorsally. (b) 4-cm buccal graft anastomosed ventrally. (Ureteroureterostomy would not have been 
possible due to long segment of ureteral compromise and undue tension.) Source: courtesy of 
Humberto G. Villarreal, MD. 


Complications 


nephrostomy tube is then placed which will facilitate urinary drainage until reconstruction 
(or nephrectomy) is performed after initial recovery and rehabilitation. 


Delayed Management of Injuries 


Whether missed on pre-operative or intra-operative evaluation or manifested in a delayed 
fashion due to ballistic effects on tissue or failed primary repair, a proportion of ureteral 
injuries will be recognized well beyond the acute phase of resuscitation or surgery. The 
AUA Urotrauma Guideline recommends attempts at ureteral stenting for incomplete ure- 
teral injuries diagnosed post-operatively or in a delayed setting, with use of percutaneous 
nephrostomy and delayed reconstruction when needed [20]. In many cases, late diagnosis 
of ureteral injury is prompted by complications related to urinary obstruction and/or 
extravasation at or above the level of the missed injury. In such cases, percutaneous drain- 
age of any associated urinoma/abscess facilitates infection control and resolution of uri- 
nary leakage at the site of injury. 


Complications 


Due to the association of traumatic ureteral injuries with complex polytrauma, patients 
with these injuries are subject to significant morbidity and complications, at times result- 
ing in prolonged convalescence or mortality. While the increased incidence of traumatic 
ureteral injuries likely reflects improved survivability due to advances in trauma and criti- 
cal care, the morbidity secondary to ureteral injuries can be mitigated by timely recognition 
and treatment. Most of the morbidity and reported complications of traumatic ureteral 
injury can be attributed to delayed recognition [15, 29]. The severity of morbidity related to 
these injuries can range from urinary tract infection to sepsis, peritonitis, urinary fistula, 
ureteral stricture, or renal loss. Early-case series report nephrectomy rates as high as 44% 
for ureteral injuries diagnosed in a delayed setting [32]. More contemporary studies 
estimate the rate of nephrectomy for delayed diagnosed injuries at 18.4% compared to 2.4% 
for those recognized early [16]. Delayed diagnosis ultimately results in a prolonged hospital 
course. NTDB analysis revealed an average length of hospitalization of 17.2 days for pene- 
trating trauma compared to 13.5 days for blunt mechanisms, in spite of lower median ISSs 
for penetrating trauma [7]. These length of hospitalization estimates are lower than the 
previously reported 19 days for immediately recognized injuries and further emphasize the 
significance of delayed detection of injuries with a mean length of hospitalization of 
36.6 days on meta-analysis [16]. Finally, the current impact of traumatic ureteral injuries 
can be assessed through analysis of resource utilization and cost, which in our current 
healthcare climate, likely eclipses the previously estimated costs of $25000 for treating a 
single ureteral injury [15]. 

Failed repairs or complications thereof may also contribute significantly to the morbidity 
of traumatic ureteral injuries. The rate of complications related to traumatic ureteral inju- 
ries is variable in single-institution series but was reported at 36.2% by Pereira et al. [13]. 
The clinical impact of the high complication rate is uncertain given inconsistent reporting 
and the potentially broad range of possible complications. Fraga et al. reported a 55% rate 
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of complications with factors such as shock on admission, ISS> 25, colonic injuries, and 
delayed diagnosis of ureteral injury, as factors contributing to complications [23]. 

However, the true impact of ureteral injury on mortality is unclear as it is rarely reported 
and most likely related to life-threatening associated injuries and the potential complica- 
tions of their respective treatment. All-cause mortality in traumatic ureteral injury litera- 
ture is variable. Siram et al. reported a 9% mortality for blunt and a 6% rate for penetrating 
trauma based on NTDB data. The traumatic ureteral injury literature reports an associated 
17% mortality [13] in patients with these injuries, while Kunkle et al. further stratified 
mortality rates at 6.1 and 13.2% for early-diagnosed and missed ureteral injuries 
respectively [16]. 


Conclusions 


Ureteral injuries due to external trauma are rare, but their association with complex pol- 
ytrauma and propensity to be detected in a delayed fashion pose significant diagnostic and 
therapeutic challenges. A high index of suspicion for ureteral injury must be maintained, 
especially for high-energy blunt abdominal trauma and penetrating injuries in the vicinity 
of the ureter. Stable trauma patients not proceeding directly to laparotomy can be imaged 
without significant interruption to acute care. Evaluation should include contrast enhanced 
CT with delayed phase imaging to appropriately assess for ureteral injury. Intra-operative 
detection of traumatic ureteral injury is highly sensitive and prompt repair of detected 
ureteral injuries should be undertaken whenever possible. When needed, damage-control 
principles are applicable to urologic trauma and can help optimize conditions for eventual 
repair of recognized injuries. With improved detection, management, and vigilance for 
potential complications of traumatic ureteral injuries, the morbidity, cost, and potential 
mortality of these injuries can be decreased and lead to improved patient outcomes. 
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Introduction 


The structure of the ureter is delicate and can be vulnerable to surgical injury, especially 
when deviated from the normal anatomical course by adhesion due to previous surgery, 
tumor, or by involvement with the tumor itself. Additionally, traditional hemostasis by mass 
ligation may inadvertently involve the ureter; recently developed sealing devices can also eas- 
ily damage the ureter along with other tissue during the dissection. Finally, current endo- 
scopic surgery for ureteral stones or tumors carry a potential risk of severe mucosal injury or 
ureteral disruption. Therefore, urologists have to keep in mind how to repair the injured ure- 
ter during the initial surgery (intra-operative injury), as well as how to manage the condition 
when the ureteral injury only becomes evident in a delayed fashion post-operatively. 


Etiology 


Iatrogenic ureteral injuries during surgery occur rarely, ranging from 0.02 to 6% of cases [1]. 
However, it is more commonly seen during gynecological surgery, especially during 
transabdominal hysterectomy in cases complicated by infection, previous surgery, or an 
enlarged uterus with malignancy [2]. Probable causes of injury are a partial or complete 
inclusion of the ureter with a pedicle ligature or a hemostatic suture, a crush injury by 
hemostatic clamp, a segmental excision with the resected specimen, or thermal injury by 
sealing devices [3]. The most common site of injury is near the uterosacral ligaments [4]. 

Other procedures contributing to ureteral injuries include colorectal surgeries, vascular 
surgeries, and large retroperitoneal tumor resections. The causes of the ureteral injury 
might be similar to those of gynecological surgeries. Additionally, an excessively aggressive 
dissection or skeletonization, ignoring the vascular supply of the ureter, might cause 
ischemic change of the ureteral wall, which results in either delayed presentation of a leak 
or as stricture formation. 
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Figure 7.1 Pre-operative MRI 
of the prostate demonstrating 
a small cystic lesion on the 
right side. Post-operative 
enhanced CT showed division 
of the ectopic ureter into the 
prostate. Source: courtesy 

of Haruaki Kato, M.D. 


The field of urology is not immune to this type of complication. Ureteral transection by 
a hemostatic sealing device during partial nephrectomy may occur due to extensive per- 
inephric fat; misidentifying a thin ureter for the gonadal vein during retroperitoneal lymph 
node dissection for testicular cancer may also lead to injury. Overconfidence and overuse 
of a sealing device might contribute to these types of injuries. 

With the development of endoscopic ureteral surgery, iatrogenic ureteral injury during 
biopsy or resection of mucosal lesions and treatment of urolithiasis are fortunately uncom- 
mon. However, ureteral avulsion or circumferential mucosal injury can occur rarely, espe- 
cially during ureteroscopic stone removal in a forcible or an inadvertent manner. 

Finally, inadvertent division of a pelvic ectopic ureter can occur during robotic-assisted 
radical prostatectomy, if the ureter enters into the prostatic urethra in cases with complete 
ureteral duplication. In an illustrative case, the pre-operative magnetic resonance imaging 
(MRI) showed only a small cystic lesion in the prostate (Figure 7.1). Complete duplicated 
ureter with an ectopic insertion into the prostatic urethra is very uncommon and MRI 
could usually detect an evident cystic lesion in the prostate [5]. Careful pre-operative inves- 
tigations are very important to avoid an unnecessary iatrogenic ureteral injury. 


Management 


Iatrogenic ureteral injury should be repaired immediately intra-operatively during the ini- 
tial surgery (Figure 7.2). Unfortunately, the recognition of ureteral injury or obstruction 
may only be accomplished after the surgery, as is the case in the majority of iatrogenic 
ureteral injuries [1]. 
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Figure 7.3 (a) Nephrostogram showing complete obstruction of the left ureter detected after 
hysterectomy. A percutaneous nephrostomy was inserted. (b) Three months after nephrostomy, the 
obstructive part of the ureter was spontaneously re-canalized, demonstrating free flow of contrast 
into the bladder. Source: courtesy of Haruaki Kato, M.D. 


In the acute intra-operative setting, surgeons should use direct ureteral inspection or 
adjunctive diagnostic maneuvers such as dye injection, catheter passage, or retrograde 
pyeloureterography. The type of management depends on injury mechanism and sever- 
ity. Ligations should be removed when identified. In such cases, and with thermal or 
crush injuries, the ureter is observed for viability. If viable, retrograde ureteral catheteri- 
zation is the best choice for diagnosis and management initially. If a guidewire is passa- 
ble at the injured site, a ureteral stent should be placed temporally for at least six weeks. 
If resection is indicated, or a complete transection is found, primary repair over a ure- 
teral stent should be performed (see below). For long segment injuries, in which reim- 
plantation or primary repair cannot bridge the gap, nephrostomy tube placement is 
indicated. 

Most iatrogenic injuries are discovered post-operatively, and present with pain, leakage 
of urine, urinoma formation, or acute kidney injury. Contrast enhanced computed tomog- 
raphy (CT) (see Figure 7.2) with delayed images is recommended. In such cases, the over- 
all patient status requires consideration. If uninfected and stable, retrograde 
ureteropyelography is appropriate with attempted stenting for ligation and partial inju- 
ries. If a wire cannot be negotiated into the renal pelvis or complete obstruction is 
detected, insertion of a percutaneous nephrostomy tube is the next step for appropriate 
management. Definitive surgery may be considered immediately, if within a five- to 
seven-day window of the initial iatrogenic injury (see next section). Alternatively, in such 
patients, the repair of the ureter should be performed at the appropriate interval after the 
surgery. We have occasionally observed cases of spontaneous restoration of ureteral con- 
tinuity two to three months after gynecological surgery among patients with complete 
obstruction managed by a nephrostomy tube (Figure 7.3). The presumed reason for reso- 
lution is that an absorbable suture used for ligation was reabsorbed without occlusion of 
the lumen. 


Surgical Technique 
Timing of Repair 


Immediate repair remains the best choice for the iatrogenic ureteral injury when the injury is 
obviously identified during an open surgery (see Figure 7.2). However, when the injury is iden- 
tified post-operatively, or during an endoscopic or ureteroscopic surgery, stenting with ureteral 
catheter or nephrostomy and deferred repair seem to be better solutions, since these strategies 
successfully resolve urinary leakage and allow subsequent identification of healthy or unhealthy 
ureteral tissue later. If neither procedure (ureteral stenting and nephrostomy construction) suc- 
cessfully diverts the urinary tract, immediate open or endoscopic repair should be considered. 

Similarly, cases with active sepsis, infected urinoma, bowel complications, or other com- 
plicating factors should consider appropriate nephrostomy and percutaneous drainage of 
any collections before considering definitive repair. 

We usually remove the ureteral stent about six weeks after its placement and observe 
whether progressive hydronephrosis develops. If obstruction becomes evident, then repair of 
the stricture should be undertaken. In cases managed with nephrostomy, combined antegrade 
pyeloureterography and retrograde ureterography will delineate complete obstruction or stric- 
ture of the ureter, which also necessitates a delayed reconstruction of the damaged ureter. 


Surgical Technique 


A variety of surgical procedures have been described for the treatment of iatrogenic ure- 
teral injury. However, the choice is usually simple, dependent on the site of the injury, the 
extent of the lesion, renal functional reserve, and the condition of the para-injured site in 
relation to inflammation, fibrosis, scar tissue, tumor, or irradiation. 


1) Uretero-ureterostomy, Uretero-pyelostomy: 
Damaged segments or defects of the ureter that are short, in the mid- or upper ureter, can be 
appropriately repaired by uretero-ureterostomy or uretero-pyelostomy. As long as the proxi- 
mal and distal part of the ureter are healthy and vascularized and can be mobilized, excision 
of the damaged site is performed for easy anastomosis with minimum tension. After exci- 
sion of the damaged segment, the proximal and distal ends of the ureter are spatulated and 
overlapping mucosa-to-mucosa anastomosis should be performed with placement of a ure- 
teral stent. When the defect of the ureter is relatively long in the upper ureter, full mobiliza- 
tion of the kidney and downward nephropexy to the psoas muscle might be required 
(Figure 7.4). If the vascularization of the ureter is questionable, wrapping a pedicled omen- 
tal flap around the anastomotic site might enhance the healing process (Figure 7.5). 

2) Uretero-calicostomy: 
Considered in a broad sense as an iatrogenic ureteral injury, stricture after pyeloplasty 
or percutaneous treatment of stone disease in the renal pelvis is included in this chapter 
as an iatrogenic cause. In these cases, an anastomosis between the renal pelvic and the 
upper ureteral is usually difficult, since fibrotic tissue and scar form around the stricture 
segment and the renal hilus. Therefore, uretero-calicostomy is a solution favored for 
these strictures near the ureteropelvic junction (UPJ). The distal ureter is fully mobi- 
lized to the level near the common iliac artery and the spatulated ureteral end is 
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(a) 


Figure 7.4 Uretero-ureterostomy. Spatulated, tension-free, mucosa-to-mucosa anastomosis with 
stent placement is a key to success for uretero-ureterostomy. Nephropexy can be used to reduce 
tension on upper ureteral anastomosis. Source: courtesy of Haruaki Kato, M.D. 


Figure 7.5 Uretero-ureterostomy. When the repair is performed intra-abdominally, an omental flap 
wrapped around the repair ensures healing. Source: courtesy of Haruaki Kato, M.D. 
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Figure 7.6 Uretero-calicostomy. The fully mobilized distal spatulated ureter is anastomosed to the 
lower calyces in a case of a long upper ureteral defect. Note nephrostomy tube and ureteral stent 
exiting renal parenchyma above the anastomosis. Source: courtesy of Haruaki Kato, M.D. 
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anastomosed to the dependent part of the renal lower calyces after wedge resection of 
the renal parenchymal tissue with stenting (Figure 7.6). Excellent results can be 
obtained easily when the lower pole parenchymal tissue is thin due to hydronephrosis. 


The lower ureter is the most common site of vulnerability to iatrogenic gynecological or 
pelvic surgical injury. In cases with lower ureteric injury, the proximal ureter should be 
implanted directly into the bladder with or without submucosal implantation technique, 
which is more effective and safer than primary uretero-ureterostomy. The reasons for this 
relate to questionable vascularization of the distal ureter due to involvement of branches of 
the internal ileac artery with hemostatic ligation, extravasation of urine in the early post- 
operative phase, and finally, the distal part of the ureter is buried in fibrotic tissue or in 
dense scar tissue in the late post-operative phase. Therefore, uretero-neocystostomy is an 
effective and safe procedure when the bladder has adequate capacity and vascularization. 


1) 


2) 


Direct uretero-neocystostomy: 

After preparing the distal part of the ureter for implantation into the bladder wall, a 
direct uretero-neocystostomy is preferred when the length of the mobilized ureter is 
long enough to reach the bladder [6]. Implantation with refluxing or anti-refluxing is a 
matter of surgeon preference, but a spacious submucosal tunnel should be created in 
the bladder wall to prevent obstruction when choosing anti-refluxing style. The re-stric- 
ture or re-obstruction of the anastomosis will cause more deterioration of renal func- 
tion than reflux. A point of controversy is whether the site of re-implantation into the 
bladder is better on the posterior or anterior dome than on the lateral aspects, because 
re-implantation of the ureter into the lateral wall of the bladder is prone to kinking with 
filling of the bladder [7]. In our practice, the appropriate or suitable site for the ureteral 
implantation is determined after mobilization of the bladder from the retropubic space 
and the lateral aspects of pelvis, and instillation of about 200 ml saline into the bladder. 
Psoas hitch procedure: 

The psoas hitch procedure is a reliable procedure for repair of injuries to the lower third 
of the ureter, with a high success rate [8]. Mobilization of the bladder and fixation to the 
psoas muscle above the level of the iliac vessels allows tension-free uretero-vesical-anas- 
tomosis with or without a submucosal tunnel to prevent reflux. The implantation site is 
immobilized, which prevents kinking of the ureter during filling and emptying of the 
bladder. However, thickening of the wall of a contracted bladder or history of pelvic 
irradiation are contraindications for this procedure. The ureter is secured above the 
injured site extraperitoneally; after being divided, the proximal ureter is further mobi- 
lized cranially with careful preservation of its blood supply. In general, after mobiliza- 
tion from the retropubic space, lateral pelvic wall, and peritoneum, the bladder is 
opened with an approximate 5-cm incision, which is oriented almost perpendicular to 
the ureteral course. An index finger is inserted into the bladder from the cystotomy, and 
the cephalic part of the bladder wall is brought up to the intended part of the psoas 
muscle and is fixed to the muscle with two to three sutures avoiding the genitofemoral 
nerve. Then the ureter is implanted into the submucosal tunnel created in the dorsal 
part of the bladder. If the bladder is very capacious after mobilization, we usually fix the 
dome of the bladder to the psoas muscle and implant the ureter into a suitable site on 
the anterior aspect of the bladder with submucosal tunnel technique (Figure 7.7). Care 
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Figure 7.7 Modified psoas hitch procedure. The fully mobilized bladder dome is fixed to the psoas 
muscle. Then the ureteral end is anastomosed to the suitable anterior aspect of the bladder wall. 
Source: courtesy of Haruaki Kato, M.D. 


should be taken not to take a deep stitch in the psoas muscle for fixation, since cases of 
femoral nerve neuropathy after the psoas hitch procedure have been reported [9]. This 
complication spoils the result of excellent repair of an iatrogenic ureteral injury. Suture 
for fixation to the psoas muscle should be superficial and preferably not exceed a depth 
of 3mm [10]. 
3) Boari flap procedure: 
When the lower ureteral defect is too long to allow a bladder psoas hitch, a pedicle flap 
of the anterior bladder wall is swung cranially to be anastomosed with or without 
antirefluxing tunnel, and finally tubularized, and the bladder defect is closed continu- 
ously. In general, the Boari flap procedure is a creative technique producing good results 
and can bridge a significant defect. However, this procedure carries an inherent risk of 
ischemia in its tubularized portion, which may result in anastomotic stricture or reduc- 
tion of bladder capacity post-operatively. 
Trans-uretero-ureterostomy: 
Trans-uretero-ureterostomy is not indicated for most short iatrogenic ureteral injuries 
and is seldom used. However, in a distal ureter that is not suitable for primary uretero- 
ureterostomy (i.e. irradiated, buried in frozen pelvis), or when implantation of the prox- 
imal ureter into the bladder is contraindicated (i.e. contracted, irradiated, thickened 
bladder), then trans-uretero-ureterostomy might be a viable option. Since there is a 
potential risk of bilateral obstruction, care should be taken to create a tension-free anas- 
tomosis from a well vascularized and fully mobilized donor ureter into a healthy recipi- 
ent ureter in end-to-side fashion. 
The indications for trans-uretero-ureterostomy are limited; we thus would consider 
using intestinal segments to bridge large gaps between the proximal end of the ureter 
and the bladder (see below). 
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Complete Ureteral Loss 


As a consequence of a major iatrogenic injury or failed multiple attempts at ureteral repair, 
an entire ureter might be lost. In these cases, auto-transplantation of the kidney or ureteral 
substitution using an intestinal segment should be considered before nephrectomy. Auto- 
transplantation can overcome any defect, but requires special expertise in a referral center. 
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1) Auto-transplantation: 
As a final option for a long ureteral loss due to iatrogenic injury, renal auto-transplanta- 
tion is described for solving this type of complication in any textbook. However, renal 
auto-transplantation is rarely applicable in contemporary urologic practice, especially 
in an acute setting. Furthermore, an inflammatory effect due to previous surgery or 
extravasation of urine around the renal hilum might preclude dissection of the renal 
vessels, and the damaged renal pelvis or short proximal ureter may be difficult to anas- 
tomose directly to the distal ureteral stump or a tubularized bladder flap. For these rea- 
sons, we prefer to apply substitution ureteroplasty using bowel segments rather than try 
to perform renal auto-transplantation. 
2) Substitution ureteroplasty using bowel segments: 

Substitution ureteroplasty seems to be an attractive means for bridging a long defect of 
the ureter, since the bowel segments usually are intact, even in patients with severe iatro- 
genic ureteral injuries. Ureteral substitution using bowel segments is usually applied for 
a delayed repair, especially when the defect is too long for successful ureteral reimplanta- 
tion with a Boari flap or psoas hitch. Bowel segments have been obtained from the ileum, 
colon, appendix, and stomach. Despite absorption of urine and secretion of mucus, inter- 
position of an intact ileal segment has been popularized and produces favorable results in 
the long term [11, 12], when the renal reserve is sufficient. However, ileal dilatation due 
to urinary stasis with ileo-renal reflux and absorption of urine from the ileal mucosa 
might deteriorate the renal function. Therefore, several techniques were devised to pre- 
vent the ileo-renal reflux with a proximal anti-refluxing technique [13, 14] and were 
assessed clinically by Xu et al. [15]. For relatively short defects, as with the appendix in 
the middle part of the right side, the Yang-Monti tube [16, 17] from the ileal segment is 
always available to any part of the ureter. The surface of the ileal mucosa is minimized in 
the Yang-Monti tube, to prevent dilatation of the tube and minimize urine absorption. 
To bridge a longer ureteral defect, multiple Yang-Monti tubes created from ileum are 
connected [18], or a Yang-Monti tube is created from a single or a double colonic 
segment [19, 20]. These procedures are advantageous to use in patients with impaired 
renal function. We also construct a continent transverse-colon pouch and totally replace 
the ureter using a transversally reconfigured colonic segment (Yang-Monti tube) [21]. 


Outcomes and Complications 


In the early post-injury period, urinary ascites, urinoma formation, fistula, or ureteral 
obstruction may complicate iatrogenic ureteral injury, particularly when unrecognized 
intra-operatively. In addition to prompt drainage, appropriate treatment of urinary or 
wound infection and hemodynamic stabilization are essential. Stricture formation, fistula, 
and renal loss represent the most significant long-term complications of ureteral injury 
from any cause. Success rates for endoscopic management of iatrogenic ureteral injuries 
have not been established to the same degree as surgical reconstruction. As with initial 
injury management, treatment of complications depends on mechanism and location. 
Short strictures and small fistulae may respond to endoscopic management [1]. Conversely, 
longer strictures and persistent large urinary fistulae necessitate reoperation and may 
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Table 7.1 Outcomes of ureteral reconstruction for injury” 


Repair type Stricture free rates 
Uretero-ureterostomy 96% 
Reimplantation 97% 

Boari Flap 81-88% 

Ureteral replacement >95% 
Autotransplantation >80-95%" 


° Adapted from information from Roupret et al. (2015) [22]. 
’Major complication is graft loss. 


require more complex repairs as outlined above. Outcomes of the delayed reconstruction of 
ureteral injuries, as outlined in Table 7.1, reflect the evidence review of the European 
Association of Urology (EAU) Guidelines Panel, with the caveat that outcomes for iatro- 
genic injury may be different than for other causes [22]. 


Conclusions 


Prevention or careful recognition of iatrogenic ureteral injuries during surgery is of critical 
importance, and immediate recognition and optimal management may reduce the damage 
and the defect created by the injury. However, once severe injuries are recognized, repair 
should be undertaken considering the timing of recognition, extent and site of the injury. 
Therefore, urologic surgeons should always bear in mind several surgical options for repair- 
ing the injuries, acknowledging the expertise required for each surgical technique. 
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Introduction 


Bladder injuries are broadly classified by etiology: external trauma (e.g. traffic injuries, 
penetrating injuries), or iatrogenic trauma (e.g. pelvic or transurethral surgery). Incidence 
of bladder injuries is relatively low, and bladder rupture per se is not fatal, although missed 
injuries or inappropriate non-operative management of complex cases may cause signifi- 
cant complications. Furthermore, coexisting injuries frequently require prompt and appro- 
priate treatments to avoid long-term disability and improve post-operative patients’ quality 
of life. 


Etiology 


1) Bladder injuries by external trauma: 

Road traffic accidents are the leading cause of bladder injuries, followed by falls; most 
are associated with pelvic bony fracture or internal organ injuries [1-7]. Sixty to ninety 
percent of external trauma-induced bladder blunt injuries accompany pelvic frac- 
tures [8]. Although bladder injury itself is not fatal, it most often occurs as a part of 
multi-organ injuries as a consequence of high-energy trauma; mortality rate is as high 
as 20% due to coexisting severe head, thoracic, and abdominal injuries [4]. Meanwhile, 
only a small percentage of pelvic fractures overall have an accompany bladder 
injury [5]. By contrast, penetrating injuries by stab or gunshot wounds to the bladder 
are relatively rare [9]. 


Classification: Bladder injuries are broadly divided into contusion and rupture, with the 
latter being clinically important. Bladder ruptures are divided into three types: extraperito- 
neal (EP), intraperitoneal (IP), and combined intra-EP bladder ruptures. Among them, EP 
bladder rupture is the most common type, with the IP type ranks second [2, 6, 8]. Coexisting 
urethral injuries are seen in 4.1-15% of cases [5, 6]. The American Association for the 


A Clinical Guide to Urologic Emergencies, First Edition. Edited by Hunter Wessells, Shigeo Horie, 
and Reynaldo G. Gómez. 

© 2021 John Wiley & Sons Ltd. Published 2021 by John Wiley & Sons Ltd. 

Companion website: www.wiley.com/go/wessells/urologic 


119 


120 


Bladder Injuries 


Surgery of Trauma (AAST) created an Organ Injury Scale for bladder injuries, in which 
location and size of the bladder laceration confers gradations of severity. 

Most EP ruptures are induced by pelvic fractures in which bladders are exposed to severe 
shearing force [2, 7]. EP ruptures comprise the following several types: a simple case in 
which extravasation of urine is confined to the pelvic cavity (Figures 8.1a and b), bladder 
neck injuries, existence of fractured bone debris in the bladder wall [6], concurrent rectal 
injuries, and complicated cases with penetrating injuries [4]. On the other hand, IP bladder 
ruptures are induced by a sudden rise in intra-abdominal pressure due to a blunt external 
force such as the one caused by a seat belt, although the bladder may rupture with seemingly 
low impact blunt trauma. Fully distended bladders are especially prone to this type of pres- 
sure rise, and the most fragile part, the bladder dome, is most likely to rupture [2, 4, 6, 10] 
(Figure 8.1c). Therefore, bladder distension is one of the risk factors for IP bladder 


Figure 8.1. CT and fluoroscopic imaging of bladder rupture including: (a) coronal view of CT 
cystogram showing an intraperitoneal (IP) rupture with extravasated contrast outlining Loops of 
bowel; (b) axial view of CT cystogram showing an EP bladder rupture with molar tooth 
extravasation pattern; (c) fluoroscopic cystogram showing an EP rupture with extravasation into 
the soft tissues of the pelvis; and (d): coronal view of CT cystogram showing an EP rupture with 
extensive extravasation tracking into the scrotum. 


Introduction 


rupture [6]. The least frequent combined type is often seen in impalement injuries, such as 
open and penetrating injuries caused by stakes or iron bars. 


2) Iatrogenic bladder injuries: 

Among all the urogenital organs, the bladder is the most susceptible organ to iatrogenic 
injuries [11]. Iatrogenic bladder injuries can occur as a complication of several surgical 
procedures, such as hysterectomy, Cesarean section [12-15], colon cancer surgery, 
inguinal surgery [6, 12, 16], transurethral resection (TUR) of bladder tumor, holmium 
laser enucleation of prostate [12, 17, 18], and sling surgery for urinary incontinence [19]. 
In some cases, a ruptured wall is immediately recognizable, but in other cases, they are 
detected by abnormal signs, such as extravasation of urine, a sudden increase in hema- 
turia, or presence of pneumoperitoneal gas getting into urine collection bag [6]. 


Clinical Symptoms and Imaging Diagnoses 


Because treatment of concurrent severe injuries of other organs tends to be prioritized, blad- 
der injuries may be diagnosed in a delayed manner, or even get overlooked [4]. Gross hematu- 
ria is a major symptom of bladder injuries [6], and in cases of pelvic fractures, bladder injuries 
most likely coexist in the presence of gross hematuria [1, 2, 20]. The combination of these two 
symptoms is an absolute indication for cystography [1, 2, 20]. Aside from gross hematuria, 
abdominal tenderness, urinary retention, and bruises over the upper part of pelvic bone [6] are 
important signs to suspect bladder injuries. Specifically, tremendous abdominal tenderness, 
peritoneal irritation sign, anuria, and no urinary flow through a catheter are important signs 
of IP bladder rupture [2]. Furthermore, extravasation of urine extending beyond perineum 
and thighs indicates the existence of EP bladder rupture (Figure 8.1d). Bleeding per the 
external urethral meatus indicates a high likelihood of urethral trauma. Thus, in such a case, 
retrograde urethrography should be performed prior to cystography, as outlined below. 

Cystography, or computed tomography (CT) cystography, is required to make a diagnosis 
of bladder injuries. Both diagnostic imaging techniques have high sensitivity (90-95%) and 
high specificity (100%) [2, 7]. The following considerations are needed when performing 
these imaging techniques. 

Plain Film Cystography (Figure 8.1b): 

First, a standard or “Scout Film” Kidney, Ureter, Bladder (KUB) static radiograph should 
be taken following placement of an indwelling urethral catheter in order to assess the sta- 
tus of the bony pelvis, the presence of bone debris, and the existence of dislocation. Next, 
slowly instill at least 350ml [2, 3] of dilute contrast medium into the bladder via gravity 
from a height of 40cm above the bladder. Then, the anteroposterior view and the oblique 
view are taken. Because insufficient instillation of contrast media may cause injuries to be 
missed, full distention of the bladder is important. Of note, since some injuries are detect- 
able only after discharge of contrast media, images after bladder filling as well as post- 
drainage are imperative with plain film cystography [3], so that even the smallest amount 
of extravasation can be detected. Interpretation of the radiogram after fluoroscopic imaging 
during cystography also requires special attention. Occasionally, collection of contrast 
media under the diaphragm or beside the liver leads to a diagnosis, so inclusion of upper 
abdominal areas in the KUB radiography is recommended. In IP bladder ruptures, the 
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outline of colon loops or liver becomes enhanced [6]. Flame-shaped contrast extravasation 
around the bladder is a well-known sign for EP bladder ruptures [6]. 

CT cystography: 

CT cystography involves retrograde instillation of contrast agent into bladders similar to 
that described above, with subsequent abdominopelvic CT imaging [2, 3]. CT cystography 
with its improved detection of extravasation does not require scout or post drainage films, 
and nowadays CT cystography is often preferred over conventional cystography [21]. Due 
to the comprehensive detection ability of CT, CT cystography also allows us to diagnose 
other injuries or make a differential diagnosis for abdominal pain [6]. 

Other methods of diagnostic imaging, abdominal ultrasound, and cystography in which 
urethral catheter is clamped at the excretory phase of contrast-enhanced CT or intravenous 
pyelogram (IVP), have been reported [2] (Figure 8.1a). However, they may be insufficiently 
sensitive and specific for accurate diagnosis [2]. For the detection of iatrogenic bladder 
injuries after sling surgery or complex pelvic surgery, routinely conducting cystoscopy at 
the end of the case is recommended [2]. 


Treatment of Bladder Injuries 


Importantly, the severity and type of rupture influences the course of treatment. 

EP bladder rupture due to blunt trauma, irrespective of its mechanism, can be effectively 
treated with drainage by indwelling urethral catheters only [2, 4, 6, 20]. Successful manage- 
ment requires a larger (e.g. 18 - 20Fr.) caliber Foley catheter to ensure adequate drainage and 
avoid blockage by clots. Cystography is performed between 7 and 14 days of catheter place- 
ment. If there is no detectable contrast extravasation, the catheter can be removed. Persistence 
of contrast extravasation requires continued catheter drainage, and the same procedure is 
repeated after an additional seven days [10, 22]. 

Conversely, surgical repair is indicated for IP ruptures, combined ruptures, and compli- 
cated EP ruptures (indentation of bone debris into the bladder, bladder neck injuries, coex- 
isting rectal or vaginal injuries), and bladder injuries caused by penetrating trauma [2, 4, 9, 
20]. Bladder exploration may be undertaken via an intra- or EP approach through a midline 
or Pfannenstiel incision. Close communication with the primary trauma surgery team and 
orthopedics is essential to ensure coordination of different surgical interventions. Standard 
surgical repair usually involves two-layered closure of the mucosa/submucosa and muscle 
layer with absorbable suture (2-0 or 3-0) [6]. Bladder neck injuries require a specific 
mention. Because of the risk of incontinence, anatomical proximity to the fractured bony 
pelvis, and likely failure of non-operative approaches, recognition, and prompt surgical 
repair are essential. Exposure may be difficult and close coordination with the orthopedic 
surgeon should be sought. Laparoscopic surgical repair has been described to treat hemo- 
dynamically stable IP ruptures without coexisting injuries [7]. In simple and typical IP 
ruptures, urethral catheters can be removed after 7-10 days of surgical repair without cys- 
tography. For more complicated and severe ruptures treated surgically, cystography should 
be performed prior to catheter removal. In addition, an indwelling urethral catheter is suf- 
ficient for urine drainage, thus suprapubic cystostomy is not necessary [20]. 

Regarding iatrogenic bladder ruptures, immediate surgical repair would be optimal, 
provided the injury is detected during the primary operation [2]. Similar to non-iatrogenic 
bladder ruptures, the course of treatment depends on type of rupture when the injuries are 
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only found post-operatively. EP bladder ruptures can be treated with conservative medical 
management with drainage by indwelling urethral catheters. Meanwhile, surgical repair is 
usually necessary for IP bladder ruptures [2]. Especially in the case of IP bladder ruptures 
caused by transurethral resection (TUR) of bladder tumor, careful inspection would be needed 
during the operation to determine whether concurrent bowel injuries occurred or not [2]. 


Long-term Consequences 


Complicated EP bladder ruptures should be surgically repaired to avoid long-term sequelae 
from the injury, as mentioned above. Concurrent rectal or vaginal lacerations may lead to 
fistula formation to the ruptured bladder, and in this setting the EP bladder rupture should 
be repaired. Bladder neck injuries may not heal with catheter drainage alone and repair 
should be considered to avoid incontinence [1]. 


Complications 


Complications of bladder injuries include urinary ascites due to IP rupture, infection 
including sepsis, persistent hematuria, incontinence, and fistula. 

Foley catheter drainage alone has become routine management for EP bladder ruptures 
in many medical centers, and few reports address treatment failures with this approach. Of 
those patients managed non-operatively, 74% had spontaneous healing within 10-14 days; 
however, 26% had significant complications, including delayed healing, vesicocutaneous 
fistula, septic events, bladder calculi, or death. Patients with multiple pelvic fractures seem 
to be at high risk [23]. With bladder neck involvement, surgical exploration and repair are 
required to limit incontinence. 


Conclusion 


Because the bladder is well protected within the pelvis, the vast majority of injuries are 
associated with pelvic fractures. Bladder injuries are EP in approximately 60%, IP in 
approximately 30%, and the remaining injuries are both IP and EP ruptures [24]. Gross 
hematuria is the most common sign, present in 77-100% of injuries [1]. Retrograde cystog- 
raphy (CT or conventional) is critical, as it can determine the presence of an injury and 
whether it is IP or EP. Clinicians manage most EP bladder ruptures non-operatively with 
catheter drainage, while IP ruptures are surgically repaired [6]. 
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Introduction 


Injuries to the urethra are not frequent, and usually happen in the context of a polytrauma 
patient, with severe associated injuries, among which pelvic fracture stands out. 

Initial management is appropriately focused on life-threatening injuries, with the unin- 
tended consequence that the urethral injury could initially go unnoticed, potentially 
increasing management complexity and morbidity. 

Moreover, in the context of a pelvic fracture, urethral and bladder injuries can coexist, so 
it is important to have a clear initial diagnostic protocol, which allows for proper and timely 
management. The key to success is a high index of suspicion of injuries, making the diag- 
nosis on time, and performing early treatment. 


Initial Management of Suspected Trauma to the Lower 
Urinary Tract 


Faced with a polytraumatized patient in critical condition, the initial management will 
be determined by the patient’s general condition, hemodynamic status, and associated 
injuries. In this situation, occasionally, urinary injuries may go unnoticed. For this 
reason, the evaluation must be carried out by a multidisciplinary and experienced 
team, capable of timely diagnosis of all injuries and establishment of treatment 
priorities [1]. 

Of greatest importance for the diagnosis of traumatic injuries of the lower urinary tract 
(bladder and urethra) is appropriate stratification of risk. Hematuria and pelvic fracture are 
the main indicators of risk. 

The most relevant diagnostic elements are urethral bleeding (blood in the urethral 
meatus), hematuria (microscopic or gross), inability to urinate with or without bladder 
distention, low or diffuse abdominal pain, non-palpable prostate at the digital rectal 
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Figure 9.1 Initial management in a stable patient with suspected lower urinary tract injury. 
CT: computed tomography. RUG: retrograde urethrogram. 


examination, and inability to pass a urethral catheter. It is also essential to rule out asso- 
ciated injuries to the rectum and the vagina. 

Fractures that compromise the anterior and posterior pelvic rings impart the greatest 
odds of urethral and bladder injury. In this acute phase of injury, the patient must be 
evaluated by a urologist [2]. 

High-energy mechanism of injury with a pelvic fracture (traffic accidents, falls from 
height, run over by a car) as well as genital and/or perineal injuries (fall astride, motorcycle 
accident) require in-depth assessment to rule out a urethral and/or a bladder injury [3, 4]. 

The proposed initial diagnostic protocol shown in Figure 9.1 highlights the defining role 
of the patient’s hemodynamic condition. 

Hemodynamically unstable patients are often taken directly to the operating room with- 
out the opportunity to conduct imaging studies. In these cases, if there is suspicion of ure- 
thral injury, a retrograde urethrogram (RUG) can be performed on the operating table 
using a C-arm fluoroscopy unit. Conversely, hemodynamically stable patients afford time 
to carry out a programmed evaluation. In general, if the patient manages to urinate spon- 
taneously and easily, a urethral lesion can be ruled out. However, if there is gross hematu- 
ria (or more than 5-10 red blood cells per high-power field in microscopic examination of 
urine), a study with intravenous contrast is required (see Chapter 8: Bladder Injuries) [5]. 

When there is blood in the meatus, a urethral injury can be expected, so urethral cathe- 
terization is contraindicated without first obtaining a RUG, since blind catheterization may 
aggravate the urethral lesion [3, 4]. Retrograde urethrography should be performed in a 
patient with a pelvic fracture and blood in the urethral meatus [4]. 

On the other hand, if the patient has not been able to urinate and has no blood in the 
meatus, a gentle urethral catheterization by a trained operator can be attempted with a 
14-16 Fr well-lubricated soft rubber catheter. If catheterization is successful and there is 
also suspicion of bladder injury (hematuria, e.g.), computed tomography (CT) should be 
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Figure 9.2 Retrograde urethrography: (a) Patient positioning. (b) Cone-tip syringe injecting the 
urethra. (c) Normal RUG, penile, bulbar, and posterior urethra demonstrated without extravasation; 
note elongation of the posterior urethra and bladder displaced by peri-vesical hematoma. 


complemented with formal CT cystography, because no more than 15% of bladder ruptures 
are diagnosed on passive bladder filling with contrast enhanced CT (see Chapter 8: Bladder 
Injuries). For this reason, if the patient is stable, cystography filling of the bladder with up 
to 350-400 ml with dilute contrast should be done [4, 6]. If there is even a minimal diffi- 
culty in passing the catheter, it is advised not to insist, but to obtain a RUG to rule out a 
urethral injury. 

RUG is typically performed supine in anterior oblique position, with the hip disprojected. 
This is achieved by placing the patient with one leg straight and the other with external 
rotation of the hip and knee flexion. A cushion is placed lo elevate the contralateral hemi- 
pelvis. This position allows imaging of the entire urethra without bone interpositions 
(Figure 9.2). In polytrauma patients with multiple long bone or pelvic fractures, this posi- 
tion is limited, and generally only anteroposterior images can be obtained (see below). In 
these cases, it is useful to tilt the x-ray beam cranially about 30° (Figure 9.3). The urethra is 
imaged by retrograde injecting of 50% diluted contrast medium with saline solution, using 
a syringe with a cone-tip inserted into the meatus. The urethra must be stretched to avoid 
kinks, and air bubbles avoided, so as to obtain clear images. The minimum amount of con- 
trast necessary to define the diagnosis is injected, avoiding large extravasations that obscure 
the location of the lesion and potentially increase the risk of infection. 

RUG may show elongation of the urethra without interruption of the submucosa and 
without extravasation of contrast (urethral contusion), extravasation with contrast passage 
to the bladder (partial urethral rupture), or extravasation without contrast passage to the 
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Figure 9.3 Thirty degree cranial tilt of x-ray beam. 
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Figure 9.4 Partial and complete urethral injury: appearance on retrograde urethrogram. 


bladder (complete urethral disruption) [7] (Figure 9.4). Sometimes this differentiation can 
be equivocal, since the contraction of the external sphincter may prevent the passage of 
contrast toward the prostate, leading to false diagnosis of a complete injury [8]. If RUG 
does not show urethral injury, a Foley catheter can be inserted. 

When it is not possible to perform RUG under the conditions described, such as in 
patients with pelvic fracture managed with an external fixator or pelvic belt, the RUG can 
be carried out in the supine position as described above, or in the operating room in coor- 
dination with pelvic fracture fixation. 
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Patients transferred from another center may arrive with the urethral catheter already 
inserted, without prior RUG or information about urethral injury status. It is therefore 
essential to verify that the catheter is in the right position with the balloon inflated inside 
the bladder. The fact that it was possible to pass the catheter does not exclude a urethral 
injury; prior to removing this catheter, a peri-catheter urethrogram should be performed to 
identify any undiagnosed injury. For this, a 16-18G IV cannula is inserted between the 
catheter and the meatus and contrast is injected alongside the catheter (peri-catheter 
RUG). If extravasation is observed, a urethral injury is confirmed, and the catheter must 
remain in place for two to three more weeks. 


Urethral Trauma 


Urethral injuries do not constitute a life-threatening emergency by themselves. However, 
the importance of establishing prompt bladder drainage for monitoring of urine output in 
the polytrauma patient cannot be overstated. At the same time, to ensure the best long-term 
outcomes of urethral injury it is mandatory not to miss the diagnosis in the acute phase, to 
determine the type of injury suffered, and to decide about immediate or delayed treatment. 

Urethral trauma is divided into trauma of the posterior and anterior urethra. For clarity, we 
will briefly describe the anatomy of the urethra and the characteristics of each of its divisions. 


Urethral Anatomy 


Male Urethra 

The male urethra extends from the bladder neck to the urethral meatus, with an approxi- 
mate length of 18cm and a diameter of 9mm during urination, being greater in the pros- 
tate, bulbar, and navicularis fossa segments. The urogenital diaphragm (aponeurotic 
muscle plane of the perineum) divides the urethra into posterior (proximal) and anterior 
(distal) segments [9] (Figure 9.5): 


e Sphincter complex: Urinary continence depends on the sphincter complex that is formed 
by the internal and external sphincter, anatomically related to the posterior urethra. 
Each component has particular characteristics, but they act together to maintain urinary 
continence: the external sphincter is responsible for active continence and the internal 
sphincter of passive continence. Both can function independently, so that if one is 
injured, the other will be able to maintain continence [10]. 

e Vascularization: The arterial supply of the posterior urethra depends on the inferior vesi- 
cal and rectal arteries, while the anterior urethra depends on inflow from the paired 
common penile arteries, branches of the internal pudendal artery. The anterior urethra 
has antegrade arterial supply (through the bulbourethral arteries) as well as a retrograde 
blood supply through the corpus spongiosum, which is irrigated by the dorsal, cavern- 
ous, urethral, and circumflex arteries. Urethral venous drainage occurs through 
Santorini’s plexus and pudendal veins. 

e Innervation: The urethra has autonomic and somatic innervation. The autonomic 
innervation depends on the inferior hypogastric plexus and the somatic from the 
pudendal nerve. 


Urethral Trauma 
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Figure 9.5 Anatomy of the male urethra. 


The posterior urethra measures about 4-5 cm from the bladder neck to the bulbo- 
membranous junction and is subdivided into pre-prostatic, prostatic, and membra- 
nous. The pre-prostatic urethra measures approximately 1cm from the bladder neck 
to the prostate; at this level the periurethral glands and the internal sphincter (also 
called smooth sphincter or involuntary sphincter) are located. The prostatic urethra, 
measuring 3-4cm, crosses the prostate at an angle of about 35° ventrally, emerging in 
front of the prostate apex and its most distal part is anchored to the back of the pubis 
by the pubo-prostatic ligaments, giving it firmness and immobility. The membranous 
urethra, measuring 1.5-2 cm, from the prostate apex, crosses the urogenital diaphragm 
in its anterior part, anterolaterally surrounded by the external urethral sphincter (also 
called striated sphincter or voluntary sphincter) and continuing to become the bulbar 
urethra. 

The Anterior Urethra measures about 13cm from the bulbo-membranous junction 
to the external urethral meatus. Subdivided into bulbar, penile, navicularis fossa, and 
urethral meatus, it is surrounded by the corpus spongiosum throughout its length, 
which is more developed at the level of the bulbar urethra. The bulbar urethra extends 
from the urogenital diaphragm to the peno-scrotal junction; it is located in the perineal 
region and is surrounded by the bulb of the corpus spongiosum, which in turn is cov- 
ered by the bulbospongiosus muscle. The bulbar urethra includes the bulbo-urethral 
glands. The penile urethra is mobile and accompanies the corpora cavernosa during 
erection. On its way, the navicularis fossa crosses the glans and presents a pre-meatal 
dilation. The usual anatomical location of the urethral meatus is in the mid-apical 
part of the glans. 
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Figure 9.6 Schematic anatomy of male and female urinary sphincter complex. 


Female Urethra 

The female urethra has an approximate length of 3-5cm. It is divided by the urogenital 
diaphragm into posterior segment (proximal) and distal segment (distal) to it. The poste- 
rior segment contains the proximal two-thirds and the distal segment the rest of the 
urethra [11] 


e Sphincter complex: The internal sphincter is comprised of two layers of smooth muscle 
(a longitudinal inner layer and an outer circumferential layer, both continuation of the 
detrusor musculature), ending distally in a thick fibrous ring at the meatus. The external 
striated sphincter lies above the smooth muscle along the entire length of the urethra 
and is dorsally absent in the most distal part, adopting an omega shape (Figure 9.6). 

e Vascularization: Arterial supply depends on the internal pudendal artery and venous 
drainage is performed through the pelvic plexus. 

e Innervation: The female urethra has autonomic and somatic innervation similar to the male. 


Urethral Trauma Classification 


Numerous schema for classification of urethral injuries have been proposed, including that 
of the American Association for the Surgery of Trauma (AAST) and another more recently 
proposed by the European Association of Urology (EAU) [6]. The main difference in the 
two classifications relates to the differential stratification between anterior and posterior 
urethral complete rupture. The comparisons are shown in Table 9.1. 

Unfortunately, due to the difficulty in establishing an accurate admission diagnosis of ure- 
thral injury, and the lack of close correlation of imaging and anatomical findings, this classi- 
fication and others that have been proposed have not found practical clinical application. 

According to the mechanism of injury, urethral trauma can be [1, 12]: 


e Blunt trauma: In the posterior urethra, the most frequent mechanism is bulbo- 
membranous disruption due to a pelvic fracture. In the anterior urethra, the most 
frequent mechanism is due to a direct blow in the perineal region, fall astride injury or a 
sports accident, causing the rupture of the bulbar urethra. 


Urethral Trauma 


Table 9.1 Classification of urethral injuries. 


American Association for the Surgery 


of Trauma (AAST) European Association of Urology (EAU) 

e Type 1: Contusion e Type 1: Stretch injury (elongation) 

e Type 2: Stretch injury (elongation) e Type 2: Contusion 

e Type 3: Partial disruption e Type 3: Partial rupture 

e Type 4: Complete disruption with e Type 4: Complete rupture of the anterior urethra 
urethral separation of <2cm e Type 5: Complete rupture of the posterior urethra 

e Type 5: Complete disruption with e Type 6: Partial or complete rupture of the posterior 
urethral separation of >2cm or urethra associated with a tear of the bladder neck 
extension of injury into the or vagina 


prostate or vagina 


Adapted from References 6 and 36. 


e Penetrating trauma: Caused by a stab wound, firearm, projectile, or fragmentation 
devices such as mines and improvised explosive devices (IED). 

e Trauma during sexual activity: Cavernous body rupture occurs due to forced flexion of 
the erect penis and in 10-20% of cases is associated with urethral rupture [13]. 

e Internal trauma: Due to iatrogenic instrumentation or introduction of foreign bodies, for 
sexual gratification or in psychiatric patients. 


Trauma to the Posterior Urethra 


Injuries to the posterior urethra are usually secondary to high-kinetic energy mechanisms: 
90% of injuries to the posterior urethra are associated with a fractured pelvis; in turn, 
approximately 10% (3-25%) of pelvic fractures have an associated urethral injury, being 
more frequent in more severe unstable fractures. For this reason, a urethral injury should 
be directly ruled out in all patients with a pelvic fracture [2, 3, 6, 7]. 

Female urethral lesions associated with pelvic fractures are very rare (0.7%) [14]. 
However, they may be frequently associated with bladder neck injury and also vaginal and/ 
or rectal injury, requiring acute operative repair. These patients are at risk for significant 
sexual and lower urinary tract dysfunction [15]. 

In developed countries, the most frequent cause of this type of injury is motor vehicle 
collisions and falls, while in developing countries, bicycle and motorcycle collisions pre- 
dominate. The severity and complexity are greater in developing countries and this seems 
to be related to poor management in the acute phase, since the first care is provided by 
emergency physicians rather than by specialized urologists [7]. 

The posterior urethra is more vulnerable to injury because it is attached to the posterior 
aspect of the pubis by the pubo-prostatic ligaments. Furthermore, the membranous ure- 
thra is the least elastic portion, and is not protected by the prostate or the corpus spongio- 
sum [1, 7]. This anatomical relationship with the anterior arch of the bone pelvis explains 
why a disruption of the pelvic ring can injure the urethra at the membranous level. The 
urethral injury can occur distal, proximal or through the urogenital diaphragm, but It has 
been shown that 70-75% of lesions occur just distal to the external sphincter at the 
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Figure 9.7 Anatomical relationships of the posterior urethra. 
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Figure 9.8 Bony pelvis anatomy. 


bulbomembranous junction [16]. This is important because the external sphincter com- 
plex is closely associated with the membranous urethra so the location and degree of the 
injury may jeopardize future continence (Figure 9.7). Interestingly, the proposed classifi- 
cation systems focus on the degree of the injury but not its location in relation to the 


sphincteric mechanism. 


Fractures of the Bony Pelvis 


The bony pelvis is made up of the paired iliac bones, which articulate posteriorly with the 
sacrum at the sacroiliac joints (forming the posterior arch) and are continued anteriorly 
with the ilio- and ischio-pubic rami which join at the midline in the pubic symphysis (form- 
ing the anterior arch). The integrity of the posterior arch is the most important for the sta- 


bility of the pelvic ring (Figure 9.8). 
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Figure 9.9 Initial options for management of urethral trauma. 


The most commonly used classification for pelvic fractures is that of Tile, who divides 
them according to the rotational and vertical stability of the pelvis [17]. There are three 
types of fractures, with A being stable, B being partially stable, and C being unstable. The 
frequency and severity of the posterior urethral lesion is associated with the severity and 
stability of the pelvic fracture and within each type of fracture there are some that are more 
frequently associated with urethral injury (Figure 9.9) [18]: 


e Tile A fractures only have involvement of the anterior arch; they are rotationally and 
vertically stable fractures. The ones most frequently associated with a urethral injury are 
those that affect the four pubic ramus, creating a bone segment “in butterfly wings” that 
may cause a shear between the prostate and the membranous urethra, injuring the ure- 
thra at this level. 

e Tile B fractures have complete involvement of the anterior arch and partial damage of 
the posterior arch. They are partially stable fractures with rotational instability but 
vertically stable. Those that are most associated with urethral lesion are fractures in 
“open book,” “closed book,” or in “bucket handle.” The open book fractures are usually 
produced by an anteroposterior compression of the pelvis causing rupture of the anterior 
arch and a corresponding sacroiliac subluxation, causing the hemipelvis to rotate exter- 
nally and injure the urethra by avulsion. The closed book and the bucket handle injuries 
are produced by a lateral compression. In the closed book fracture, ipsilateral injuries 
such as sacroiliac subluxation and rupture of the pubic symphysis or pubic branches are 
found, and in the bucket handle fracture there is an ipsilateral sacroiliac injury and a 
contralateral rupture of the pubic branches. In both cases, the hemipelvis rotates inter- 
nally and injure the urethra by a crush mechanism. 

e Tile C fractures have a complete fracture-dislocation of the anterior and posterior 
arches and are unstable fractures rotationally and vertically. They are the fractures most 
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frequently associated with lesion of the posterior urethra, mainly the Malgaigne fracture 
(fracture of both pubic rami and fracture-dislocation of the sacroiliac or ipsilateral ilium) 
in which the urethra can suffer a rupture with dislocation of the ends. 


Displacement of the fractured pelvis abruptly distracts the membranous urethra that is 
fixed by the pubo-prostatic ligaments and the urogenital diaphragm, producing different 
degrees of injury: contusion of the wall and urethral mucosa (25%), partial rupture (25%), 
or complete rupture (50%) [7, 19]. As expected, complete tears tend to be more frequent in 
unstable fractures [18]. Urethral injury can also be caused by the direct impact of a bone 
fragment (“spring knife” or “switchblade” effect). In more complex cases, the bladder, blad- 
der neck, and/or rectum (and the vagina in women) can also be damaged. 

Posterior urethral injuries in children are less frequent and are usually located in the 
bladder neck or prostatic urethra, because the prostate is still not developed and its fixa- 
tions to the pelvis are more lax than in adults [20]. 

RUG, discussed above, provides the most important information about urethral injury; 
CT scan can provide additional information at the level of the posterior urethra such as 
darkening of the adipose plane of the urogenital diaphragm and bulbocavernosus muscle 
and hematoma of the ischiocavernosus and obturator internus muscles [21]. 


Management in the Acute Phase 

Early diagnosis and appropriate acute injury management establish prompt urinary drain- 
age and serve to reduce associated complications, such as urethral stenosis and urinary 
incontinence [7, 18]. In the acute setting, a prime objective is to establish prompt urinary 
drainage [4]. A gentle attempt to pass a soft 14-16 Fr catheter can be made, ideally by an 
experienced operator in the emergency room or under fluoroscopy at the time of the admis- 
sion RUG. If there is any difficulty in passing the catheter, a suprapubic cystostomy should 
be placed, especially in unstable patients. 

Initial management will depend on the type of urethral lesion (partial or complete) and 
the overall severity of injuries and hemodynamic status of the patient. The options are 
primary urethral realignment (simple urethral catheterization, endoscopic primary rea- 
lignment, open primary realignment), or placement of suprapubic cystostomy for delayed 
reconstruction [1, 7, 22] (Figure 9.10). 


e Primary urethral realignment: 

e Simple urethral catheterization: Passage of a well-lubricated soft rubber Foley catheter 
can be attempted in cases of partial injury, under fluoroscopy by a trained operator at 
the time of admission RUG. If it is successful, the catheter is maintained for two to 
three weeks. Prior to removal, a peri-catheter urethrogram is performed. If extravasation 
persists, the catheter is maintained, and imaging is repeated at intervals until 
resolution [1]. 

e Primary endoscopic or open realignment: This is considered in patients in whom urethral 
catheterization could not be performed due to complete injury or other complicating fac- 
tors. The objective is to intubate the rupture leaving a urethral catheter in place [23]. 

- Primary endoscopic realignment: It can be performed with rigid or flexible cysto- 
scope, or with combined technique in a retrograde and antegrade way through a 
suprapubic access. It must be done when the patient’s situation allows it and up to 
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Figure 9.10 Initial management of urethral trauma. 


2weeks post-trauma, but the ideal period is within the first 48 hours [24]. The goal is to 
pass a catheter across the injury to allow healing by second intention. Importantly, pro- 
longed and obstinate attempts at endoscopic realignment should be avoided [4]. If suc- 
cessful, the catheter is maintained for three to eight weeks. Intubation has been reported 
as successful in 70-93% of attempts, but the main problem of realignment is the high 
rate of subsequent stenosis (up to 90%) that will require additional surgical procedures 
for resolution [25]. In addition, the time taken until the definitive solution of the ure- 
thral problem has been reported is much longer in cases of endoscopic realignment 
compared with cystostomy and delayed surgery (average 122 months vs. 7 months) [26]. 
For this reason, in front of a recurrence after realignment, the recommendation is ure- 
throplasty [27]. In spite of this, there are groups that prefer endoscopic realignment as 
it is a minimally invasive, low morbidity procedure that allows to avoid a suprapubic 
cystostomy, which could mean a potential risk of infection of the osteosynthesis mate- 
rial, in case open reduction and internal fixation (ORIF) of the pelvic fracture is 
required [25]. Additionally, it has been suggested that if a stenosis occurs after primary 
realignment, it could be of less surgical complexity [24, 28]. 

- Open primary realignment: It is considered in patients who will undergo an explor- 
atory laparotomy for other reasons and are stable enough for a realignment attempt. 
The bladder is accessed and opened longitudinally at the dome. Urethral intubation is 
performed using a combined technique (retrograde and antegrade). You actually have 
to get into the hematoma to connect the two catheter tips. This approach has the same 
drawbacks as the endoscopic technique. Excessive traction on the catheters during 
manipulation could potentially exacerbate injuries. 
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e Suprapubic cystostomy and deferred urethroplasty: 


- If any difficulty is found in simple urethral catheterization, the procedure should be 
suspended and a suprapubic cystostomy placed, percutaneously under ultrasonographic 
control or open by means of a laparotomy, always in the midline, two finger widths 
above the pubic symphysis and with a caliber of at least 14F. This will ensure adequate 
bladder drainage and has the benefit of facilitating future delayed urethroplasty [1, 22]. 


There are situations in which early realignment and other immediate surgical proce- 
dures are indicated [1, 7]: 


e Complete disruption of the urethra with a large pelvic hematoma, rupture of the pubo- 
prostatic ligaments and cephalad displacement of the bladder (“pie in the sky blad- 
der”), causing great distraction of the two urethral ends. This may make deferred 
urethroplasty difficult, indicating the need for primary realignment. 

e Associated rectal or vaginal lesion, which must be repaired primarily to avoid pel- 
vic sepsis. 

e Injury of the bladder neck, which must be carefully repaired immediately as future 
urinary continence will depend on the normal functioning of the internal sphincter 
located at this level. 

e In rare cases with injury to the sacral plexus, in which the bladder neck remains open by 
denervation. In this situation, extravasation of urine into the perivesical space can occur, 
despite having a suprapubic cystostomy. This indicates the need for primary realignment. 


Very importantly, immediate retropubic urethroplasty is never indicated because it has been 
linked with an increased risk of stenosis, urinary incontinence, and erectile dysfunction [29]. 


Delayed Management 

Lesions of the posterior urethra are repaired by excision and primary bulbo-prostatic anas- 
tomosis (end-to-end urethroplasty). Of utmost importance, endoscopic urethrotomy is not 
indicated in trauma cases due to the high risk of stricture recurrence. 

The waiting time recommended in the literature for delayed urethroplasty is three to six 
months to allow resolution of the hematoma and post-traumatic inflammation. However, 
in some patients, the reconstruction could be carried out earlier. In our experience, a satis- 
factory reconstruction is possible as early as four to six weeks, as long as there is no indura- 
tion of the perineum on rectal examination, the pelvic fracture is found to be stable enough 
to tolerate high lithotomy position, and that associated lesions are stabilized [30]. 

In the pre-operative study, urethral lesion, sphincter function,and erectile function 
should be evaluated. 

The key elements for the success of this urethroplasty are a complete excision of the scar 
and pelvic fibrosis and a well-vascularized, spatulated tension-free mucosa to mucosa anas- 
tomosis. To achieve tension-free approximation of the urethral ends there are several 
sequential maneuvers, such as mobilization of the urethral bulb, distal urethral mobiliza- 
tion from the cavernous bodies, and splitting of the intercrural septum. In more complex 
cases, it may also be necessary to perform an inferior pubectomy and even a supracrural 
urethral re-routing [31]. In cases where, despite performing these maneuvers, good access 
is not achieved, an abdominal-perineal approach should be considered. Fortunately, these 
more complex maneuvers are very rarely necessary. 


Urethral Trauma 


Following these recommendations and in the hands of an experienced surgeon, the long- 
term success rates of urethroplasty are 90-98% [3, 7]. 


Trauma to the Anterior Urethra 


The most frequent injuries to the anterior urethra are those caused by iatrogenic injuries 
and also by blunt trauma by a direct blow to the perineum or straddle injuries. Other mech- 
anisms are shown in Table 9.2 [32]. Regardless of the etiology, emergency management 
should include providing prompt urinary drainage. 

The most characteristic sign is the presence of blood in the meatus. Others are the inabil- 
ity to urinate, perineal urinoma, or a butterfly-shaped perineal hematoma [4, 6]. 

In blunt trauma to the perineum, the bulb is crushed against the pubic symphysis, result- 
ing in rupture of the urethra at the site of compression, causing a bulbar urethral injury. 

Iatrogenic urethral injury can be caused by urethral catheterization (false passage, 
inflation of the catheter’s balloon into the urethra, or removal of the catheter with a 
non-deflated balloon), instrumentation of the urethra (endoscopic procedures), or sur- 
gical complications (penile prosthesis implant, penile surgery). The most important 
measure to avoid iatrogenic urethral injury is to secure the proper training for each 
procedure [33]. 

Penetrating injuries are rare and are usually associated with genital injuries (penile and/ 
or testicular) or pelvic injuries. 

Penile fracture may be accompanied by a urethral injury (partial or complete) and usu- 
ally occurs after blunt trauma with the erect penis, mainly during sexual activity. Overall 
incidence has been reported to be 10-20%. The patients report a “snapping” sound, fol- 
lowed by pain, penile detumescence, and penile deviation. A hematoma is formed that may 
be limited or extend to the perineum (in butterfly wings); this will depend on the fact that 
Buck’s fascia is injured. If urethral injury occurs, blood at the meatus and difficulty to void 
are the rule. In these cases, early surgical treatment is mandatory [13]. 


Table 9.2 Mechanisms of anterior urethra injury. 


Blunt Trauma Direct blow Astride impact 


Penetrating Trauma Projectile 
Stab wound 
Impalement 
Bites 
Amputations 


Constrictive Trauma Condom catheter 
Psychiatric patients 

Sex-related Trauma Penile fracture 
Sexual devices 

Internal Trauma Foreign bodies 
Iatrogenic trauma 
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Minor perineal trauma may go unnoticed and subsequently be manifested as a urethral 
stricture. 


Management in the Acute Phase 


Management recommendations depend on the etiology and general condition of the 
patient [32, 34]. 


e Urethral contusion: A gentle attempt to urethral catheterization should be performed 
under fluoroscopy; if any difficulty is found, a suprapubic cystostomy is placed. 

e Partial or complete lesions: It is difficult to establish strict recommendations due to the 
great variability in mechanism of injury and condition of the patient. The management 
strategies likewise vary, according to the general and local conditions, as well as the expe- 
rience of the attending team. A gentle attempt at soft urethral catheterization under 
fluoroscopy is always an option; if successful, a peri-catheter urethrogram is performed 
at two to four weeks. Another alternative is endoscopic or open urethral realignment in 
patients in whom urethral catheterization was not successful and require surgery for 
other injuries. Patients treated by catheter realignment should be followed closely, since 
they have a high risk of stricture. As for iatrogenic lesions, most are resolved by catheter 
drainage for two weeks. 


Immediate primary surgical repair can be considered for uncomplicated penetrating 
injuries. On the contrary, primary repair in blunt injuries is exceptional and the best option 
is a suprapubic cystostomy for delayed repair at four to six weeks. 

In urethral injury related to penile fracture, early surgery must be performed. The recom- 
mended surgical technique includes penile degloving that provides excellent exposure of 
the urethra and corpus cavernosum. In addition to the repair of the lesion of the corpus 
cavernosum, if the associated urethral injury is partial, its repair is primary closure; how- 
ever, complete urethral injury needs end-to-end urethroplasty. The most common compli- 
cations are urethral strictures, urethra-cutaneous fistula, and penile deformity, so it is 
important to monitor the patient [13]. 


Delayed Management 


Post-traumatic strictures usually occur at the bulbar urethra and are accompanied by mod- 
erate to severe fibrosis, so management with direct vision internal urethrotomy it is con- 
traindicated. For defects up to 2.5-3 cm, the treatment of choice is excision of the scar and 
anastomotic urethroplasty. Longer defects may need the addition of a dorsal buccal mucosa 
graft as an augmented anastomotic urethroplasty. Due to fibrosis of the spongiosum, the 
use of grafts in the ventral position is not considered. In some rare occasions with very 
extensive defects, a mixed combined technique, with a dorsal graft and a ventral fascio- 
cutaneous flap, may be required [34, 35]. 

In addition to recurrent urethral stricture, patients with anterior urethral trauma 
may have long-term complications after treatment, such as erectile dysfunction or 
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urinary incontinence. Therefore, it is recommended to monitor these patients for at 
least one year following urethral injury [4]. 


Conclusions 


Urethral injuries do not constitute a life-threatening emergency by themselves, but early 
diagnosis and adequate acute management are crucial to avoid severe complications and 
long-term sequela. Prompt urinary drainage is mandatory, linked to a decision for immedi- 
ate or delayed treatment commanded by the local and general conditions of each case. 
Available experience and resources are also determining factors, therefore judicious place- 
ment of a suprapubic cystostomy is always a recommendable temporizing option allowing 
time for transferral to a specialized center for specific treatment. 
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Introduction 


Urethral stricture is a relatively common urologic problem caused by fibrosis or inflamma- 
tion of the epithelial tissue and corpus spongiosum that results in stenosis of the urethral 
lumen. Most urethral strictures occur in males; as a result of the rarity of female urethral 
strictures, this review limits its focus to urethral stricture management in men. Urethral 
stricture not only adversely impacts patient-reported quality of life but also overall health 
status, and urologists and other healthcare professionals need to know the appropriate 
immediate and longer-term management of urethral strictures. 


Etiology of Urethral Stricture 


The male urethra is traditionally divided into the anterior urethra, which is surrounded by 
the corpus spongiosum, and posterior urethra, which is surrounded by the sphincter mech- 
anisms and prostate. Most strictures are in the anterior urethra and half of such strictures 
are located in the bulbar urethra [1-3]. A recent meta-analysis of the literature has shown 
that most anterior urethral strictures in patients in developed countries are iatrogenic, idi- 
opathic, and, to a lesser extent, traumatic and inflammatory [1-3]. Iatrogenic urethral stric- 
tures are caused by improper or prolonged catheterization and by transurethral procedures, 
especially transurethral resection of the prostate. Iatrogenic strictures are typically found at 
the junction of the bulbar and penile urethra, or in the proximal bulbar urethra [4, 5]. 
Traumatic anterior urethral strictures are caused by blunt or penetrating trauma. A typical 
injury of the bulbar urethra causing a stricture is a straddle injury, which crushes the bul- 
bar urethra against the underside of the pubic symphysis [6, 7]. So-called idiopathic 
strictures are probably caused by unrecognized childhood perineal trauma [8]. One of the 
most important etiologies in inflammatory urethral strictures is lichen sclerosus (LS), 
which is a chronic inflammatory, hypomelanotic, lymphocyte-mediated skin disorder with 
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a progressive sclerosing process that can involve the penile shaft skin, glans, meatus, and 
finally extend into the anterior urethra [9]. While recurrent gonococcal urethritis remains 
a main cause of anterior urethral stricture in low and middle-income countries, it has 
become uncommon in developed countries due to the advent of effective antibiotic treat- 
ment [10]. Surgery for hypospadias is another important cause of anterior urethral stric- 
tures [11, 12]. On the other hand, posterior urethral stricture commonly occurs due to 
iatrogenic etiology including instrumentation of the urethra, transurethral resection of 
prostate surgery, and various types of prostate cancer treatment [13]. Posterior urethral 
stricture, other than iatrogenic stricture, is uncommon and most commonly caused by 
pelvic fracture urethral injury (PFUD [14]. 

It is important to note that urethral stricture is not a disease of the elderly but affects all 
ages [2, 3]. Urethral stricture patients were found to have predominantly idiopathic causes 
in men younger than 45 years, with iatrogenic causes (specifically, previous transurethral 
resection of the prostate) found most commonly in men older than 45years [2]. 


Patient History and Physical Examination 


Many patients with urethral strictures present initially with lower urinary tract symptoms 
such as weak urinary stream, straining to void, urinary hesitancy, incomplete emptying, 
nocturia, frequency, and urinary retention [15]. Patients may also present with symptoms 
other than lower urinary tract symptoms including gross hematuria, urinary tract infec- 
tion, genitourinary pain, incontinence, and sexual dysfunction, and may suffer from life- 
threatening conditions including renal insufficiency or necrotizing fasciitis [15]. 

The patient should be asked about a history of difficult urethral catheterization, urinary 
tract infection, and previous trauma to the penis or perineum. History of prior treatment, 
such as urethral dilation and surgical procedures for urethral stricture, should be gathered in 
patients with previous diagnosis of urethral stricture. Physical examination of the abdomen 
in a patient with urethral stricture may identify chronic urinary retention and a palpably dis- 
tended bladder. Examination of the penile skin may reveal the presence of LS, an important 
cause of inflammatory urethral strictures. Examination of the urethral meatus may reveal 
stenosis or sequela of hypospadias. Palpation of the urethra often reveals thickening and/or 
induration which, when present, correlates with the severity of periurethral fibrosis identified 
intra-operatively. Some patients with stricture after PFUI are unable to flex their hips due to 
dissociation of the pelvic ring; it is therefore important to check whether the lithotomy posi- 
tion can be used to gain access to the perineum. A urethral fistula may be detected in some 
cases, particularly in patients who have undergone previous urethral surgery. 


Evaluation of Urethral Stricture 


Clinicians planning elective intervention for stricture should determine the characteristics 
of the urethral stricture in advance [16]. It is important to know the number of strictures, 
location and length of each stricture, degree of spongiofibrosis, and lumen diameter of 
each stricture, in order to formulate a proper management plan. At the time of evaluation, 
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Figure 10.1 (a) RUG immediately after catheter removal in patient after failed multiple transurethral 
procedures for penobulbar strictures. (b) RUG three months after suprapubic tube placement, clearly 
delineating stricture. (c) RUG from same patient after substitution urethroplasty, showing a widely 
patent urethral lumen. 


the patient’s stricture should be stable and no longer contracting for accurate staging. Men 
presenting with an indwelling catheter or following recent urethral manipulation will have 
unstable stricture anatomy. In these patients, “urethral rest” should be accomplished by 
removal of the indwelling catheter and cessation of intermittent self-catheterization, and if 
necessary, suprapubic tube placement. The urethra should not be instrumented for at least 
three months for stricture maturation [17]. Urethral rest promotes identification of severe 
fibrotic segments, enabling proper selection of a surgical procedure and a more successful 
reconstruction (Figure 10.1) [17]. 


Voiding Symptoms and Uroflowmetry 


Symptomatic assessment is best formulized using American Urological Association 
Symptom Score (AUA-SS) [18] or a specifically designed patient reported outcome meas- 
urement (PROM), such as one developed in the UK [19]. A urinary flow rate showing the 
long slow protracted flow pattern with the appearance of a plateau is typical in patients 
with urethral stricture. For accurate readings, a voided volume of at least 150 ml is preferred. 
If the voided volume and flow rate suggest a urethral stricture, urethro-cystoscopy, retro- 
grade urethrography (RUG), voiding cystourethrography (VCUG), or ultrasound urethrog- 
raphy are the next steps to make a definitive diagnosis of a stricture [16]. 


Urethrography 


The most common methods for imaging the male urethra are RUG and VCUG. RUG is the 
gold standard for evaluation of anterior urethral strictures. Oblique positioning of the 
patient (45°) is a critically important step, and the downward obturator fossa should be 
completely closed on the scout film (see Figure 10.1) to confirm appropriate positioning, in 
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order to position the urethra as parallel as possible to the film [20]. RUG should ideally be 
conducted (or directly supervised) and interpreted by the treating urologists, because in 
many centers independently reported retrograde urethrographies will not be as accurate as 
specialty physician-reported RUG [21]. It is important to note that the posterior urethra is 
not open physiologically during RUG and will not be distended. Moreover, in cases of 
severe or complete urethral occlusion, retrograde assessment of the proximal to the obstruc- 
tion is often impossible. VCUG is typically most useful for visualizing the posterior urethra 
and segment of the urethra proximal to a urethral stricture. 


Ultrasound Urethrography 


Although urethrography is the cornerstone assessment method of urethral stricture, it 
has several drawbacks. First, it can over- and under-estimate stricture length; second, it 
is sometimes difficult to assess associated periurethral problems such as the degree of 
spongiofibrosis [22]. To overcome the limitation of urethrography, ultrasound urethrog- 
raphy was introduced for evaluation of urethral stricture and has been refined [20]. The 
utility of ultrasound urethrography is, however, limited by stricture location, with this 
modality being more sensitive to identify strictures located in the penile urethra com- 
pared to the bulbar portion [23]. Strictures in the more proximal bulbar urethra are 
difficult to assess using ultrasound urethrography, because the bulbar urethra curves 
into the pelvis away from the skin and from the ultrasound probe [24]. In selected cases, 
ultrasound urethrography may be more sensitive than RUG in the assessment of stric- 
ture length and degree of spongiofibrosis: however, ultrasound urethrography is not 
necessary in most stricture patients, and the clinical relevance of these findings remains 
uncertain [25]. 


Urethro-Cystoscopy 


Flexible cystoscopy is an excellent modality for determining the presence or absence of a 
urethral stricture. Cystoscopy is also useful for visualizing the fibrosis of urethral mucosa 
that cannot be seen on a urethrogram, which is particularly important in patients with previ- 
ous history of urethrotomy or dilation. However, cystoscopy alone does not show the stric- 
ture length or state of the urethra proximal to the stricture, and its use in combination with 
urethrography is necessary. In patients with complete urethral disruption, antegrade flexible 
cystoscopy through the suprapubic catheter tract may be used to evaluate the proximal stump 
in conjunction with RUG to accurately delineate the urethral gap. Moreover, cystoscopy via 
the suprapubic tract also allows the assessment of bladder neck competence in patients with 
PFUI, which is important information for post-operative urinary continence [26]. 


MRI 


Magnetic resonance imaging (MRI) is a non-invasive imaging modality, has multiplanar 
capabilities, does not subject patients to ionizing radiation, and provides detailed informa- 
tion regarding periurethral tissues and pathology. MRI is especially useful in the evaluation 
of the tunica albuginea disruption in traumatic bulbar urethral strictures [27] and prostatic 
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displacement or concomitant rectal injury in PFUI [28, 29], providing information that 
conventional urethrography may not capture. MRI correctly estimates the length of ure- 
thral defects in 85% of cases, displacement of the prostate apex in 90% of PFUI cases, pre- 
cisely delineates the site and density of scar tissue, and surgical approach in 26% changed 
based on MRI findings [28, 30]. Despite its high resolution, the cost of MRI is about 5 times 
that of urethrography and the appropriate indication and cost-effectiveness of MRI should 
be confirmed in future studies [22]. 


Emergency Management of Urinary Retention 
and Unexpected Urethral Stricture 


Patients may not notice the presence of urethral stricture until going into urinary reten- 
tion or unsuccessful attempts at urinary catheterization on the operating table [15]. In 
such situations, clinicians may utilize transurethral management to place a urethral cath- 
eter after confirming the characteristics of the stricture by urethro-cystoscopy and/or 
RUG [16]. If the stricture is flimsy, clinicians might dilate only enough to allow passage of 
a catheter over a guide wire by dilators such as filliforms and followers, balloon dilators, 
or sounds [16] (Figure 10.2). If the stricture is dense, direct vision internal urethrotomy 
(DVIU) may be performed instead of dilation [16]. Unless the catheterization is complex, 
the urethral catheter can be safely removed after 24-72 hours [16]. Suprapubic tube place- 
ment is recommended when urethral catheterization fails, the urethra is traumatized by 
improper catheterization, or severe complication such as massive extravasation or periu- 
rethral abscess is encountered. Afterward, the status of the stricture should be evaluated 
and be treated as described below. If a stricture patient awaiting elective management 
goes into urinary retention or requires frequent intermittent self-catheterization, place- 
ment of a suprapubic tube instead of ongoing DVIU/dilation is necessary to provide a 
period of urethral rest. 


Urinary retention due to urethral stricture 
or 
Unexpected urethral stricture on the operating table 


l 


Dense stricture on endoscopy and/or RUG? 


Yes Pa N”, No 


DVIU Dilation 


Successful urethral catheterization? 
Yes a Se No 


Elective management of —— | Suprapubic tube placement 
urethral stricture 


Figure 10.2 A flow chart of emergent urethral stricture management. 
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There are a variety of options in elective management of urethral strictures, which are 
mainly categorized into two groups: one is transurethral procedures including dilation, 
DVIU, and urethral stents, and the other is open surgical management (formal urethro- 
plasty). The advantages of transurethral procedures are that they can be conducted under 
local anesthesia in an outpatient setting with a low complication rate and virtually no risk 
of mortality, but the success rate is generally low [31, 32]. On the other hand, the success 
rate of urethroplasty is excellent, but it is technically more demanding than transurethral 
procedures [33, 34]. There is some evidence that transurethral procedures are being used 
excessively and inappropriately because of their simplicity and ease of repetition and 
because there is a lack of familiarity with urethroplasty [35, 36]. The characteristics of ure- 
thral strictures differ among patients, and it is important to select an appropriate manage- 
ment plan for each patient. The flow chart of management plans of urethral strictures is 
shown in Figure 10.3. 


Transurethral Procedures 


DVIU and Dilation 

DVIU and dilation are minimally invasive interventions most often used for treating ure- 
thral strictures, and their effectiveness is equal for the initial treatment of strictures [35-37]. 
Primary DVIU and dilation are best suited as first-line therapies for strictures with favora- 
ble characteristics that fulfill all the following characteristics: short (within 1-2cm), single, 
non-traumatic, bulbar urethral strictures (Figure 10.3). A stricture-free rate for patients 
with these favorable characteristics may be up to 50-70% [35]. On the other hand, DVIU 
and dilation are futile for long, multiple, obliterative, traumatic, penile, or penobulbar 
strictures, and they should be treated with formal urethroplasty as a primary management 
plan, unless patient preference dictates a less effective management strategy [35]. Urethral 
strictures that recur within six months after DVIU/dilation or are refractory to a second 
DVIU/dilation should also be treated with formal urethoplasty, unless the patient has co- 
morbidities or agrees to be palliated by repeated DVIU/dilation [16]. Successive urethral 
dilation and urethrotomy are not cost-effective [38-40] and may make eventual urethro- 
plasty more difficult [41, 42] with lower than predicted long-term success [43-46]. 


Figure 10.3 A flow chart of elective 
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Urethral Stents 

A permanent metallic urethral stent, Urolume , which is incorporated into the urethral 
wall, has been used to maintain urethral patency following DVIU or dilation in the man- 
agement of recurrent urethral strictures [47]. Despite initial enthusiasm, tissue ingrowth 
and granulation through the permanent stent occur and the long-term outcome revealed a 
high failure rate [48, 49]. Permanent urethral stenting is not recommended for patients 
with strictures who are considered to be candidates for urethroplasty and might be consid- 
ered only for patients with short, recurrent bulbar strictures who are medically unfit for 
urethroplasty and cannot tolerate intermittent-self catheterization [31]. A temporary ure- 
thral stent, Memokath,, is a thermos-expansible urethral stent designed for easy deploy- 
ment and removal. The aim of temporary urethral stenting is to maintain urethral patency 
without the risk of permanent implantation after urethral dilation or DVIU [50]. Jordan 
and associates reported that patients with recurrent bulbar urethral strictures treated with 
Memokath insertion for 12 months following dilation or DVIU maintained significantly 
longer urethral patency than those treated with dilation or DVIU alone [50]. Wong also 
reported a series of 22 patients with recurrent bulbar urethral strictures with mean stric- 
ture length of 2.4cm who underwent DVIU or dilation [51]. Memokath was indwelled for 
three months, and 78% of patients remained stricture-free at a mean follow-up of 
23months [51]. However, the stricture-free rate was much lower than that of urethro- 
plasty [52, 53]. Moreover, urethral stenting using Memokath is the transurethral procedure 
with the highest risk of increasing stricture complexity and necessitating the use of a com- 
plex repair procedure [42]. The appropriate circumstances for temporary urethral stenting 
have not been determined, and although the device has been approved in several countries, 
the procedure remains largely experimental [31]. 


Urethroplasty 


For most patients for whom DVIU or dilation are inappropriate, or in whom it has failed, 
urethroplasty is usually the only curative option. The procedures of urethroplasty can be 
categorized into anastomotic urethroplasty (excision and primary anastomosis, EPA) and 
substitution urethroplasty. The length and location of stricture, etiology, and history of 
previous urethral surgery or instrumentation help one to decide which urethroplasty 
method to use. Before undertaking urethroplasty, the urologist must be familiar with the 
use of numerous reconstructive surgical techniques, because it is unpredictable what kind 
of technique will be required during surgery and the pre-operative surgical plan needs to 
be modified intra-operatively when faced with unexpected findings [54]. A flow chart of 
the surgical steps in urethroplasty is shown in Figure 10.4. 


EPA 

The principal of EPA consists of resecting all fibrosis and approximating both urethral 
ends, without tension, to bridge the gap using fine interrupted absorbable sutures. EPA is 
the preferred method of urethral reconstruction whenever possible, because of the high 
success rate and durability compared to substitution urethroplasty [52, 53, 55]. It is best 
suited for traumatic or other short strictures of the bulbar or membranous urethra with 
excellent long-term success rate [52, 53, 56-58]. The factors limiting the potential for using 
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Figure 10.4 Surgical steps in urethroplasty according to stricture location. 


EPA are the length and location of the stricture [34, 57, 59]. When the stricture is in the 
proximal bulbar urethra or membranous urethra, longer strictures can be bridged because 
the bulbar urethra can be fully elongated by mobilization; separating the corpora and/or 
inferior pubectomy can straighten the natural curve of the bulbar urethra and shorten its 
course [57]. However, the more distal the stricture is in the bulbar urethra, the shorter the 
gap that can be bridged due to the limited length of the mobilized bulbar urethra. For a 
mid-bulbar urethral stricture, anastomotic urethroplasty is applicable only for short (prob- 
ably within 1 cm) strictures where tension-free anastomosis is achievable. It is very uncom- 
mon to be able to perform EPA for long strictures in the bulbar urethra or any more distal 
stricture in the penile urethra because of the potential risk for causing chordee. Recently, 
the non-transecting approach has emerged as an alternative management of short and 
proximal bulbar strictures with minimal spongiofibrosis, which enables preserving the 
blood supply with equivalent outcome, but EPA remains appropriate for strictures with 
full-thickness spongiofibrosis developing after perineal trauma [60, 61]. 


Substitution Urethroplasty 

Substitution urethroplasty is the procedure of choice for urethral strictures that are too 
long to be excised and re-anastomosed. In contemporary practice, penile skin and oral 
mucosa are most commonly used as urethral substitutes. Barbagli recently reported the 
long-term success rate of anterior substitution urethroplasty, and oral mucosa showed a 
greater failure-free survival rate than penile skin [62]. Currently, buccal mucosa is most 
widely used as a urethral substitute; lingual mucosa has emerged as an alternative substitu- 
tion with equivalent urethroplasty outcome (Figure 10.5) [63, 64]. 

Substitution urethroplasty is categorized into one-stage or staged urethral reconstruc- 
tion. One-stage substitution urethroplasty is divided into augmented anastomotic (to 
excise the stricture and restore a roof strip of the native urethra augmented by a patch), 
onlay augmentation (to incise the stricture and carry out a patch augmentation), and tube 
augmentation (to excise the stricture and put in a circumferential patch) procedures [33]. 
Strictures that have tight segments to be excised and that are too long to be managed 
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Figure 10.5 RUG showing pan-anterior urethral stricture secondary to lichen sclerosus (a). 
Stricture was successfully reconstructed by buccal mucosal substitution urethroplasty (b). 


through EPA, are indication of the augmented anastomotic procedure [65]. The tight seg- 
ment of a stricture is excised after which the urethral ends are anastomosed as a roof or 
floor strip, augmented in a ventral or dorsal onlay fashion respectively [65]. The one- 
stage tube augmentation procedure is associated with high failure rate and should be 
avoided [66, 67]. Regarding onlay augmentation, location of the graft (ventral or dorsal) 
has been debated, but the different graft positions have shown no difference in success rate 
in bulbar urethroplasty [68, 69]. The advantages of the ventral onlay procedure include 
limited urethral mobilization with preservation of perforating arteries and shorter opera- 
tive time compared to the dorsal onlay procedure, while the advantages of the dorsal onlay 
procedure include a more stable and reliably well-vascularized graft bed and less possibil- 
ity of sacculation [69]. The choice of location of grafting depends largely on the surgeon’s 
preference. For patients with proximal bulbar stricture or obese patients, dorsal graft 
placements are typically more difficult to sew in a deep and proximal wound. In patients 
who have undergone repeated DVIUs or urethroplasty, the urethral lumen may be adher- 
ent and firmly fixed to the tunica albuginea, and urethral mobilization from the corpora 
cavernosa is difficult. In these situations, we prefer to use the ventral onlay procedure. On 
the other hand, we prefer to use the dorsal onlay procedure in the distal bulbar urethra, 
because application of the graft to the tunica albuginea of the corpora cavernosa in the 
distal bulbar urethra is easier than that in the proximal bulbar urethra. In the penile ure- 
thra, corpus spongiosum is too small to cover the ventrally applied graft, and mobilization 
of the penile urethra for a dorsal onlay graft may compromise critical blood supply from 
the circumferential arteries. Thus, the dorsal inlay technique described by Asopa with a 
ventral sagittal urethrotomy transluminal approach without urethral mobilization is well- 
suited for penile urethral strictures [70, 71]. Urethroplasty can be difficult in men with 
strictures associated with failed hypospadias repair or LS, in which the penis is fully 
involved in the disease and requiring a staged approach. The use of oral mucosa is manda- 
tory in patients with genital LS, because any skin that is used as graft material already is 
or may become diseased (Figure 10.5) [72]. Staged procedures involve excision of the stric- 
ture and abnormal urethral and reconstruction of a roof strip, which is allowed to heal 
prior to final tubularization [33]. 


References 
Post-operative Follow-Up 


Post Transurethral Procedures 


There is no evidence that leaving the urethral catheter longer than 72 hours after DVIU/ 
dilation improves safety or outcome, and catheters may be removed after 24-72 hours [16]. 
Because recurrent stricture is common after transurethral procedures, clinicians should 
carefully follow the patient. Intermittent self-catheterization after transurethral procedures 
may be recommended to patients who are not candidates for urethroplasty, to maintain 
temporary urethral patency and to reduce stricture recurrence rate [16]. However, urethro- 
plasty should be offered to patients who hope to cure urethral stricture instead of repeated 
transurethral procedures and physicians who are not familiar with urethroplasty should 
consider referral to expert reconstructive urologists [16]. 


Post Urethroplasty 


A 14-16Fr urethral catheter is placed after urethroplasty and pericatheter RUG is per- 
formed after two to three weeks. If extravasation was absent, the urethral catheter can be 
removed and the patient can start voiding thereafter. There is no established regimen for 
post-operative follow-up. In our practice, patients are followed up at 3, 6, and 12 months 
and annually thereafter by uroflowmetry and questionnaires using validated PROM. Flexible 
cystoscopy is done when arecurrent stricture is suspected on uroflowmetry or from a PROM. 


Conclusion 


Male urethral stricture is a relatively common disease that causes problems including not 
only lower urinary tract symptoms but also urinary tract infection or renal insufficiency in 
severe cases. Clinicians encountering patients going into urinary retention or having diffi- 
cult catheterization due to urethral stricture may proceed with transurethral procedures 
such as DVIU and dilation or suprapubic tube placement. However, transurethral proce- 
dures are not optimal as elective managements in most urethral stricture patients and ure- 
throplasty is the gold standard management. EPA is the most durable surgical treatment for 
short bulbar urethral strictures and substitution urethroplasty using buccal mucosa graft is 
the procedure of choice for a long stricture in the proximal bulbar urethra and strictures of 
any length located anywhere from the distal bulbar urethra to the penile urethra. Because 
urethral stricture recurrence following elective management can occur at any time in the 
post-operative period [16], clinicians should follow stricture patients carefully. 
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Introduction 


The advent of highly effective antimicrobial agents and improvement in diagnosis have 
transformed the management of prostatic infections. Acute prostatitis remains a rare geni- 
tourinary infection with risk of systemic response and progression to abscess formation. 
Appropriate antimicrobial therapy and surgical drainage in selected cases can prevent 
septic shock in all but the most compromised and high-risk patients. This chapter restricts 
its content to acute bacterial infections of the prostate and indications for imaging and 
surgical intervention. 


Classification 


The National Institute of Diabetes and Digestive and Kidney Diseases classification system 
for prostatitis syndromes designates acute infection of the prostate as distinct from other 
chronic bacterial, chronic nonbacterial, and asymptomatic prostatitis and accounts for 
<5% of all prostatitis syndromes [1]. Reflecting the etiology and treatment needs of acute 
prostatic infection, prostatitis uniformly falls under the “Complicated urinary tract infec- 
tion (UTI)” nomenclature of the Infectious Diseases Society of America (IDSA) [2]. A more 
comprehensive approach to classification has been proposed, acknowledging the diversity 
of presentation of infections of the male accessory glands, severity and specificity of 
symptoms, patterns of infection, urological factors, and pathogens [3]. 


Presentation 


Acute prostatitis may begin insidiously. Vague discomfort in the lower abdomen, peri- 
neum, and rectum rapidly progresses to the onset of fever, chills, and symptoms of lower 
urinary tract obstruction (decreased force of stream, incomplete emptying, urinary 
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retention) or overactivity (frequency, urgency) [4]. Pain in the low back, suprapubic, per- 
ineal, and rectal areas characterize acute prostatic infection. Associated malaise, arthralgia, 
and myalgia reflect systemic manifestations. The history of present illness should describe 
recent or past history of urinary tract infection, indwelling or intermittent urethral cathe- 
terization, urethral instrumentation, prostate biopsy, as well as traditional risk factors and 
immunocompromised states including diabetes, Human Immunodeficiency Virus (HIV), 
and chronic kidney disease (CKD). Past antibiotic exposure and duration will also inform 
decision-making and antibiotic selection and must be recorded. 

Vital signs may reveal elevation in temperature, respiratory rate, heartrate, and low blood 
pressure. Affected men appear ill. Physical examination should assess for signs of systemic 
toxicity, bladder distension, and any associated urethral discharge or testicular enlarge- 
ment. A rectal exam must be performed because an exquisitely tender swollen prostate 
gland on examination is pathognomonic. The consistency of the gland can vary from boggy 
and irregular to firm, and may be warm to the touch. Extensive manipulation is discour- 
aged to reduce the likelihood of severe pain and/or bacteremia [5]. 

Ultrasonographic post void residual (US PVR) urine volume should be measured to 
ensure complete bladder emptying. If retention is suspected, and US PVR is not available, 
urethral straight catheterization is appropriate to ensure emptying and collect urine for 
culture. 

Urinalysis will demonstrate bacteriuria, pyuria, and hematuria. Midstream or cathe- 
terized urine should be collected for culture and antibiotic sensitivity. Other laboratory 
studies should include complete blood count with differential, blood cultures, and 
chemistry studies. In men with risk factors for sexually transmitted infection, urine 
nucleic acid amplification testing is mandatory to identify chlamydial and gonococcal 
infection. 

Pathogens associated with acute prostatic infection include the entire range of urinary 
microbiota including Escherichia coli most commonly [6], followed by other Enterobacteriaciae, 
Staphylococcus, Enterococcus, Neisseria gonorrhea, and Chlamydia trachomatis [7]. In immu- 
nocompromised men, a broader differential diagnosis is required. 


Management 


Acute bacterial prostatitis requires prompt initiation of empiric oral or intravenous antimi- 
crobial therapy. The route of administration (intravenous vs. oral) should be chosen based 
on overall acuity of infection. Practitioners should use local antibiograms and resistance 
patterns to guide antibiotic selection, with consideration for prior exposure to agents that 
may lead to multidrug resistance. Concerns about antibiotic penetration of prostatic tissue 
are of limited relevance in acute prostatic infection, and fluoroquinolones, cephalosporins, 
and sulfonamides will generally achieve effective intraprostatic levels of drug. Supportive 
measures should include hydration, analgesics, antipyretics, and bed rest [8]. Acute uri- 
nary retention due to acute prostatitis (or prostatic abscess) can be managed with transure- 
thral catheterization without increasing risk of exacerbating the response to infection. 
Suprapubic cystostomy should be reserved for cases in which anatomical abnormalities 
preclude urethral catheter use. 
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Table 11.1 Empirical antibiotic choices for acute prostatitis. 


Clinical Scenario 


STI-related prostatitis 


Low risk of systemic 
infection (outpatient) 


First Line 


Ceftriaxone (Rocephin), 250 mg 
(intramuscular) IM 


then 


Doxycycline, 100 mg po BID for 
10days 


Ciprofloxacin 

500mg BID 

or 

Levofloxacin 500 mg daily 


Alternative 


Erythromycin base 500 mg 
orally four times a day for 7 days 
or 

Erythromycin ethylsuccinate 
800 mg orally four times a day 
for 7 days 

or 

Levofloxacin 500 mg orally once 
daily for 7 days 


Trimethoprim/ 
sulfamethoxazole 160/800 mg 
po BID 


High risk of systemic 
infection 


Piperacillin/tazobactam, 3.375 g IV 
every 6 hours plus aminoglycoside 


or 


Cefotaxime (Claforan), 2g IV 
every 4 hours plus aminoglycosides 
or 

Ceftazidime (Fortaz), 2g IV every 
8 hours plus aminoglycosides 


Parenteral antibiotics as described 
for high risk of systemic infection 


High risk of antibiotic 
resistance 


STI: sexually transmitted infections. 
Source: adapted from Ref. [4] and Center for Disease Control and, Prevention Sexually Transmitted 
Diseases Treatment Guidelines. 2015. Available from: http://www.cdc.gov/std/tg2015/epididymitis.htm. 


Temperature, vital signs, white blood cell count, serum measures of renal function, and 
general appearance of the patient indicate whether outpatient management is appropriate 
or there is a need for hospitalization and potential ICU (intensive care unit) admission. 
Contemporary antibiotic regimens are listed in Table 11.1. Imaging is not required at 
presentation. 

Urine culture and sensitivity testing dictates whether antimicrobial coverage can be nar- 
rowed and transitioned to oral agents. Incomplete patient response may indicate the need 
to alter antibiotic therapy, perform imaging (see below) to identify the presence of prostatic 
abscess or anatomical abnormalities, as well as investigate other complicating factors 
(incomplete bladder emptying, immunocompromised state). Therapy should be continued 
for a total of four weeks after the diagnosis of acute prostatitis to prevent the development 
of chronic bacterial prostatitis [8]. 

Prostatic abscess occurs in a subset of patients with acute prostatitis, with estimates rang- 
ing from 2.7 [9] to 21% [6]. Variation in rates may reflect different definitions of abscess and 
frequency of imaging. Compared to patients without prostatic abscess, those with abscess 


Prostatic Abscess 


present with a longer duration of symptoms (7.8 vs. 3.0 days), higher percentage with dia- 
betes (52 vs. 27%), and objective evidence of urinary obstruction (e.g. peak uroflometry 
<5cc/s or elevated PVR (post void residual), 50 vs. 14%) [6]. 


Diagnostic Imaging 


In cases of urinary retention, persistent fever and/or hemodynamic instability despite 
appropriate antimicrobial therapy, the presence of prostatic abscess, urinary stone disease, 
or upper urinary tract conditions should be investigated with cross-sectional imaging. 
Computed tomography (CT) of the abdomen and pelvic with intravenous contrast repre- 
sents the best study (Figures 11.1 and 11.2), because in addition to excellent visualization 
of the prostate, it provides high resolution imaging of other organ systems susceptible to 
abscess formation including the kidneys, liver, and spleen. Abdominal ultrasonography 
lacks sensitivity and specificity for prostatic abscess, although it may successfully detect 
large abscesses. Magnetic resonance imaging (MRI) has been used extensively for prostate 
imaging, but surprisingly little literature exists on features of acute bacterial infection of 
the prostate. Transrectal ultrasonography will identify prostatic abscess accurately, but is 
operator dependent and may not be available in the emergency setting. 


Prostatic Abscess 


The decision to proceed with drainage of a prostatic abscess should take into consideration 
ongoing evidence of systemic infection, abscess size, suitability for drainage, and other 
patient factors. Small abscesses, <2cm in size, may respond to antibiotic therapy alone [6]. 


Figure 11.1 Axial image from contrast enhanced pelvic CT scan demonstrating large low-density 
collection (arrow) within right side of the prostate. This patient required drainage transurethrally 
(see Figure 11.3). 


161 


162 


Prostatitis and Prostatic Abscess 


Figure 11.2 Axial (a) and saggital (b) image from contrast enhanced pelvic CT scan demonstrating 
2.5cm low-density collection (arrow) within right side of the prostate. 


An abscess that fails to respond to antibiotics is optimally drained by the transurethral 
route. In a large contemporary cases series, 45% of prostatic abscesses, all >2cm in size, 
underwent a transurethral drainage procedure. Prompt drainage, in combination with 
appropriate antimicrobial therapy, resolves most abscesses. Transurethral, perineal, and 
transrectal drainage of prostatic abscesses have been described [10]. Ultrasound guided 
transurethral incision or resection of the prostate is now the most common treatment strat- 
egy for prostatic abscess [11, 12]. It is important to resect deeply enough into the respective 
prostatic lobe to widely unroof the abscess and allow free drainage of the purulent material 
(Figure 11.3). Nickel makes the caveat that when the abscess has penetrated beyond the 
prostatic capsule or penetrated through the levator ani muscle, a transperineal approach 
may be necessary [13]. 


References 


Figure 11.3 Endoscopic images of transurethral drainage of the prostatic abscess shown in 

Figure 11.1. (a) Right lobe of prostate before drainage. (b) Transurethral resection of portion of right 
lobe, before unroofing. (c) Purulent drainage into the prostatic fossa. See related video for complete 
resection. (Source: courtesy of B. Figler, MD, FACS) 


Conclusions 


The diagnosis of acute prostatitis relies on history, physical examination, and urinalysis. 
Identification of urinary retention should prompt catheterization after which immediate 
empiric broad-spectrum antimicrobial therapy can be started. A long course of culture spe- 
cific therapy is critical in order to ensure complete eradication and avoid bacterial resist- 
ance. Use of cross-sectional imaging allows identification of abscess and other complicating 
factors, and helps determine whether surgical intervention is required. 
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Introduction 


Fournier’s gangrene (FG) is a fulminant form of infective fasciitis that necrotizes the per- 
ineal, genital, and perianal regions. FG commonly afflicts men, but women and children 
can contract FG as well. It was first reported in the late 1800s by Jean Alfred Fournier [1-3]. 
Anaerobic bacteria proliferate in a hypoxic environment, produce gas, and subsequently 
accumulate in the soft tissue spaces [4]. The prevalence of the disease is relatively low, but 
the mortality rate still remains high without appropriate intensive care and rapid surgical 
intervention. External wounds such as hemorrhoids or anorectal abscess, complex urethral 
stricture disease, combined with conditions like diabetes mellitus and other immunocom- 
promised states, predispose an individual to FG. Irrespective of causative microorganisms, 
its consensus treatment includes emergent removal of necrotic tissues, treatment of sepsis- 
induced hemodynamic disturbances, and intravenous administration of broad-spectrum 
antibiotics [5]. 


Epidemiology 


The overall incidence rate of FG is 1.6 cases per 100000 males per year. FG is diagnosed 
more frequently among males. FG is rare in pediatric patients, with the rate rising with age 
to reach its peak at the age of 50. Incidence remains steady afterwards with 3.3 cases per 
100000 males [6-8]. By contrast, prevalence of FG is low among women and children. 
Sorensen et al. identified only 39 women who met their diagnosis criteria for FG, while 
they identified 1641 male patients in the same cohort [6]. Eke et al. reviewed 1762 
cases of FG in total and reported that male patients far outnumber female patients, in a 
ratio of 10:1 [9]. 

Traditionally reported mortality rates range from 3.6 to 40%, with even higher rates 
reported; recent National Surgical Quality Improvement Program data suggest a modern 
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mortality of about 10% [10-13]. Advanced age and complications are associated with 
augmented mortality. FG patients were at elevated risk of death when they required the 
following procedures during admission: colostomy, penectomy, mechanical ventilation, 
and dialysis [14, 15]. FG patients often have physiological or surgical comorbidities, 
which predispose them to the condition, as well as a subsequent more severe or fatal 
outcome. 


Etiology 


The etiology of FG is a polymicrobial infection induced by both anaerobic and aerobic 
bacteria [16]. FG can occur from surgical wounds, skin abscess, pressure sores, anorec- 
tal infection, ischiorectal abscesses, and colon perforations. Other less frequent causes 
include a urethral stricture and a trauma from an indwelling Foley catheter. In female 
patients, it has commonly been ascribed to Bartholin abscesses or vulvar skin 
infections [4]. 

Focal infections of the urinary tract, skin, or rectal anus spread to fascia subcutaneously 
(Colles fascia, Scarpa’s fascia, Buck’s fascia, and Dartos fascia). Anatomically, subcutane- 
ous tissues of the scrotum and the perineum have an insufficient blood flow, making them 
a hotbed for bacterial proliferation (Figure 12.1). In FG, suppurative bacterial infection 
results in microthrombosis of the small subcutaneous vessels leading to the development 
of gangrene of the overlying skin [2, 9]. The combination of edema, inflammation, and 
infection in an enclosed space further impairs the blood supply; the resulting hypoxia 
promotes the growth of anaerobic bacteria [18]. Predisposing factors for all-cause FG 
are poor perfusion (peripheral vascular disease), hypertension, renal insufficiency, 
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Figure 12.1 The spreading infectious process may arise from local skin, urinary tract, and 
colorectal regions (arrows). Infection in FG tends to spread along the fascial planes, as 
subcutaneous tissue of the scrotum and the perineum has poor blood supply [17]. 
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trauma, diabetes mellitus, malnutrition, smoking, obesity, immunocompromised status, 
intravenous drug abuse, malignancy, and spinal cord injury [13]. The underlying principle 
of all these conditions is compromised host immunity creating a favorable environment to 
establish infection. Malnutrition and lower socio-economic status have also been shown 
to be associated with the development of FG [19]. Alcoholism and diabetes mellitus are 
the most common in Western countries, with rates of 25-50% and 10-60%, respectively [20, 
21]. An evaluation of cases of FG in diabetics patients has shown that this co-morbid con- 
dition has an impact on the clinical course of the soft-tissue infection. Primarily, the 
patient profile tends to be of a younger age and wound cultures reveal different bacterial 
colonies [19]. SGLT2 inhibitors such as empagliflozin have recently been linked with an 
increase in the risk of developing Fournier’s gangrene in diabetic patients, prompting 
issuance of an FDA black box safety warning for these medications [22]. This class of 
medications promote urinary glucose excretion, and episodes of euglycemic diabetic 
ketoacidosis may underlie the increased risk unique to the genitalia, although the precise 
causal mechanism remains unclear. While SGLT inhibitor-related Fournier’s still 
predominantly affects males, between one-quarter to one-third of these rare cases occur 
in females [23]. 

FG is a devastating condition that affects mostly patients whose immunity has been 
reduced. There is evidence for increasing incidence of the disease in those with Human 
Immunodeficiency Virus (HIV) disease. HIV has been reported as a comorbidity in 4% of 
patients with FG. Various studies have documented a significant rise in the prevalence of 
cases of FG since the advent of the HIV epidemic [24-26]. 

Patients with poor general health are particularly prone to FG. This includes malnutri- 
tion or obesity, chronic renal failure, chronic liver disease, malignancies, and other condi- 
tions causing immunosuppression [3, 10]. Additional predisposing conditions include 
paralysis/neurological deficit, debility, advanced age, and anorectal diseases [3, 27]. 
Perforation of rectum after neoadjuvant or therapeutic chemoradiotherapy can cause 
FG [20]. 


Bacteriology 


FG is typically caused by a polymicrobial infection, with an average of 3 bacteria cultured 
from each diagnosed patient [16]. Bacteria isolated from FG patients usually derive from 
the normal flora of the urogenital or anorectal region, such as enteric Gram-negative 
rods (Escherichia coli, Klebsiella spp., Proteus spp.), Gram-positive cocci (staphylococci, 
streptococci, enterococci) and obligate anaerobic bacteria (Clostridium spp., Bacteroides 
spp., Fusobacterium spp., Peptococcus spp., Peptostreptococcus spp.) [3, 9, 16, 28]. The 
most commonly detected bacteria are Bacteroides fragilis, while Staphylococcus aureus or 
Streptococci are frequently identified in patients with diabetes mellitus [21, 29, 30]. 
Among them, E. coli has been reported to be the most common bacteria isolated from the 
infected lesion, presumably due to its commensal nature in the perineal region. Anaerobes 
are less frequently isolated than expected, which could be attributable to technical labo- 
ratory difficulties. Rare reports of other causative organisms include Candida albicans 
and Lactobacillus gasseri [2]. 
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Fournier’s Gangrene 
Clinical Symptoms and Imaging 


The typical clinical symptoms of FG are a sudden acute pain in the scrotum, prostration, 
pallor, and fever. When the disease progresses slowly, patients are often unable to remem- 
ber a specific date of symptom onset or sometimes report a date more recent than the 
actual date. Physical examination shows intense inflammation in the perineal region with 
strong erythema and edema that extend progressively beyond the genitals. Signs of sup- 
puration are purulent exudate, and crepitation upon palpation. In addition, violet coloring 
of the area indicates hypoxia/ischemia and is often followed by the blackish color of necro- 
sis (Figure 12.2) [31, 32]. Intense pain accompanies the condition [33]. It begins with a 
prodromal period of genital discomfort and pruritus followed by sudden onset of perianal 
or perineal pain out of proportion to the physical findings [13]. 

Plain radiographs and ultrasound can demonstrate gas accumulation in soft tissue 
(Figure 12.3a and b). Gas production under fascia is rarely seen. Compared to radio- 
graphs and ultrasound, computed tomography (CT) has a higher specificity for the 
detection of FG [34]. Although the diagnosis of FG is most commonly made clinically, 
CT can be an instrumental diagnostic tool to detect early stage disease or patients with 
indistinctive symptoms. There are few studies that report imaging findings associated 
with FG [35]. The characteristic features of FG obtained by CT include soft tissue thick- 
ening and inflammation. Signature findings by CT comprise asymmetric fascial thick- 
ening, concurrent fluid collection or abscess, fat stranding around the infected tissues, 
and subcutaneous emphysema secondary to proliferation of gas-forming bacteria 
(Figure 12.4) [36]. Accurate risk estimation for mortality is important to determine 
appropriate treatment strategy. To this end, several methods of mortality prediction 
have been implemented, as exemplified by Fournier’s Gangrene Severity Index (FGSI), 
which is the most commonly-used traditional scoring system (Table 12.1) [5, 13]. Others, 
such as the Uludag Fournier’s Gangrene Severity Index (UFGSI) and the Age Adjusted 
Charlson Comorbidity Index (ACCI), are among the most commonly-used scoring sys- 
tems to determine FG prognosis and mortality [38, 39]. Specifically, the mean FGSI 
score at the time of admission was 5.04 + 2.49 (standard deviation: SD) for survivors, as 


Figure 12.2 Photograph of 
patient with violet/black 
color scrotal skin indicative 
of necrosis Source: courtesy of 
Hunter Wessells, MD. 
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SCROTUM LB 


Figure 12.3 CT demonstrating gas in scrotum and posterior tracking into perineum. (a) Retrograde 
urethrogram demonstrating plain x-ray finding of gas in scrotum and normal anterior urethra. (b) 
Sonographic appearance of gas in scrotal wall. Note highly echogenic focus. 


Figure 12.4 CT demonstrating 
gas in the scrotal wall 
consistent with subcutaneous 
emphysema. 


compared to 13.6 +4.61 (SD) for non-survivors [13, 27]. The FGSI can predict mortality 
with a probability of 75% and survival with a probability of 78% for patients with FG [40]. 
Roghmann et al. compared several published scoring systems for predicting results 
(FGSI, UFGSI, ACCI, etc.) [41]. All scores are useful to predict mortality. Despite includ- 
ing more variables, the UFGSI does not seem to be more powerful than the FGSI. Thus, 
the FGSI allows us to evaluate severity of the condition and predict the outcome with a 
high degree of certainty in this complex patient population [18]. 


Treatment 


FG remains a urological emergency. The mainstay of its treatment is early radical 
debridement of necrotic tissues, drainage, and antimicrobial therapy (see below), as 
well as hemodynamic stabilization of the patient. Of note, the time required for the 
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Table 12.1 Fourniers Gangrene Severity Index (FGSI). 


High Abnormal Values Normal Low Abnormal Values 
Variable +4 +3 +2 +1 0 +1 +2 +3 +4 
Temperature (°C) >41 39- - 38.5- 36- 34- 32- 30- <29.9 
40.9 389 38.4 35.9 33.9 31.9 
Heart rate (bpm) >180 140- 110- - 70- - 55- 40- 
179 139 109 69 54 
Respiration rate >50 35- = 25- 12- 10- 6-9 - <5 
49 34 24 11 
Serum sodium >180 160- 155- 150- 130- - 120- 111- <110 
(mmol/1) 179 159 154 149 129 119 
Serum K?* (mmol/l) >7 6-6.9 - 5.5- 3.5- 3-3.4 2.5- - <2.5 
5.9 5.4 2.9 
Serum creatinine >3.5 2- 1.5- - 0.6- - <0.6 - - 
(mg/100ml)* 3.4 1.9 1.4 
Hematocrit (%) >60 - 50- 46- 30- - 20- - <20 
59.9 49.4 45.9 29.9 
White blood cell count >40 - 20- 15- 3- - 1- - <1 
(total/mm? x 1000) 39.9 199 14.9 2.9 
Serum bicarbonate >50 41- - 32- 22- 18- 15- <15 
venous (mmol/l) 15.9 40.9 31.9 21.9 179 


The FGSI is a numeric score obtained from a combination of admission physiological parameters, 
including temperature, heart and respiration rates, sodium, potassium, creatinine, white blood cell count, 
hematocrit, and sodium bicarbonate [13, 18, 37]. 


initiation of surgical debridement after admission was not statistically different 
between survivors and non-survivors. 

Many studies have pointed out that timing and the extent of the first debridement are the 
most important prognosis-determining factors regarding mortality rate [42]. The extent of 
surgical debridement was probably the most clinically significant parameter between survi- 
vors and non-survivors (Figure 12.5) [43]. Early surgical intervention (within two days of 
admission) significantly reduced FG case fatality as compared with delayed intervention 
(within three to five days of admission) [44]. Surgical reexamination of the infected area and 
removal of necrotic tissue is advocated within 24hours and should be carried out repeatedly. 
After initial surgical debridement, occasionally a series of debridement is required. In all- 
cause FG, an average of 3.5 procedures is required [12]. Planning initial debridement with 
an eye toward subsequent reconstruction has been demonstrated to limit the need for skin 
grafting or other complex wound closures after necrotizing soft tissue infection in other 
body regions [45, 46]. There may be limitations in application of these techniques to the 
external genitalia due to differences in baseline patient disease (chronic underlying micro- 
vascular disease limiting perfusion of raised skin flaps) and anatomy (thin superficial soft 
tissue over the penile shaft), but this technique could prove useful with infections involving 
the scrotum and perineum and warrants further investigation. 


Treatment | 173 


Figure 12.5 Appearance of genitalia after surgical debridement for Fournier’s Gangrene (FG) 
(a) FG involving right hemi-scrotum and inguinal area (b) Debridement of perineum and lower 
abdominal wall in another patient to remove necrotic tissue and prevent spread of infection. 
Note absence of left hemi-scrotum and exposed testis within the tunica vaginalis. 


An effective dressing is also important. In recent years, it has been reported that the 
method called negative-pressure wound therapy (NPWT) is useful for wound healing of 
FG [47, 48]. Extensive debridement, including a slim window of healthy adjacent tissue, 
has been advocated in the literature. Close observation of the wound and repeated debride- 
ment are necessary measures to control the infection [19]. Patients should be returned to 
the operating room within the next 24hours for evaluation of the wound. Another debride- 
ment will be performed if the necrosis seems to continue, followed by a wound dress- 
ing [48]. Understanding the somatic clues of skin and soft tissue viability is essential in 
consummating its preservation. Meticulous serial surgical debridement coupled with 
NPWT may contribute to fostering the development of healthy skin and soft tissue granula- 
tion suitable for staged complex closures [49, 50]. 

Regarding surgical intervention, cystostomy, colostomy, and orchiectomy did not signifi- 
cantly affect mortality. As to whether stoma formation reduces the FG case fatality, it is 
rather controversial. Some earlier studies maintain that an increased mortality was seen 
among FG patients who underwent stoma formation; however, it can be ascribable to selec- 
tion bias in which patients with advanced disease were selected for stoma formation [44]. 
Colostomy has been used for fecal diversion in cases of severe perineal involvement in all- 
cause FG with anal sphincter involvement; fecal incontinence; and continuous fecal con- 
tamination of the wound margins [20]. Rectal diversion decreases the number of germs in 
the perineal region and improves wound healing. The primary colostomy rate is 16-17%, 
whereas the secondary colostomy rate is 35-40% [51, 52]. 

The surgical wounds are usually left for secondary healing or delayed primary wound 
closure; patients with large tissue defects become candidates for reconstructive surgery 
with local skin flaps or skin grafts [53]. When additional necrotic lesions were identified 
after the first debridement, repeating debridement, and the placement of ostomy would be 
required [54]. 
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Antibiotic regimens vary depending on center and resistance to specific antibiotics in the 
geographical area where certain microorganisms are isolated. Recent studies recommend 
the initiation of empirical antibiotic therapy with third-generation cephalosporins for 
Gram-negative bacteria and metronidazole for anaerobes bacteria, with the arbitrary addi- 
tion of aminoglycosides [55]. Coverage for anaerobes bacteria requires careful considera- 
tion; metronidazole, clindamycin, or carbapenems are considered to be effective. 

Excellent wound care is critical to the successful management of FG patients after 
debridement. The standard care has been saline wet-to-dry dressings changed twice daily 
or more often as needed. Vacuum-assisted closure (VAC) therapy has been applied to FG 
wounds with the aim to clean and decontaminate (Figure 12.6). A recent prospective, com- 
parative study showed that patients treated with a VAC device had a significantly lower 
mortality than historical controls treated only with daily antiseptic dressings [56, 57]. 
Hyperbaric oxygen therapy is believed to be an effective adjunctive therapy in the treat- 
ment of FG, even though conclusive evidence regarding its effectiveness is lacking. In 
hyperbaric oxygen therapy, patients are placed in an environment of increased ambient 
pressure while inhaling 100% oxygen, resulting in elevated oxygenation of the arterial 


Figure 12.6 Vacuum assisted closure 
device applied to large scrotal wound. 
Foley catheter in urethra not visible. 


References | 175 


blood and tissues. The indications for adjunctive hyperbaric oxygen therapy in FG still 
remain controversial, although several groups have reported optimistic results [58]. 

Perineoscrotal defects should be reconstructed using well-vascularized flaps to avoid 
complications that include impairment of bladder function, bowel function, and hip joint 
movement [59]. Perforator flaps, when appropriate, are a minimally invasive alternative, 
because they do not require sacrificing muscles, and they utilize a reliable blood supply 
with a wide vascular territory [60, 61]. Split thickness skin grafts remain the mainstay of 
coverage for larger defects and when the necrotizing soft tissue infection (NSTI) compro- 
mises available skin for flap reconstruction [62]. 


Conclusions 


Fournier’s Gangrene is a gas-forming, necrotizing soft tissue infection affecting the peri- 
neum. It spreads rapidly along the deep fascial planes and is associated with a high mortal- 
ity rate. The mainstay of treatment is early radical debridement of necrotic tissues, drainage, 
and antibiotic treatment, as well as hemodynamic stabilization of the patient. NPWT in 
addition to traditional dressings helps to promote wound healing and to reduce the extent 
of reconstructive surgery required for ultimate coverage. 
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Introduction 


Penile trauma is uncommon, accounting for only 10-16% of all genitourinary traumatic 
injuries (Table 13.1) [1]. While traumatic penile injury is uncommon, the mechanism of injury 
has an important impact on subsequent treatment. Approximately 45% of injuries to the exter- 
nal genitalia result from penetrating injury, 45% from blunt injury, while 10% are due to burns 
and industrial accidents [2]. Traumatic injury to the flaccid penis is rare, usually resulting 
from penetrating trauma or machinery accidents [1, 3, 4]. Although civilian penile trauma is 
a rare event, battlefield penile injuries occur more frequently due to the use of improvised 
explosive devices (IED). Fortunately, improvements in protective armor have limited battle- 
field penile injury to 6% of all genitourinary trauma [5, 6]. Prompt diagnosis and treatment are 
required to avoid potentially devastating long-term physical, psychological, and functional 
sequel of traumatic penile injuries. Rapid treatment of most penile injuries will prevent the 
development of permanent sexual dysfunction. Lastly, recent publication, and update of the 
American Urological Association (AUA) Urotrauma Guideline, provide clinicians with a sys- 
tematic review of the literature with evidence-based guidelines in the appropriate methods of 
evaluation and management of traumatic penile injuries [7]. In this chapter, we will reference 
the guidelines to highlight the relevant information as it pertains to a given topic. 


Pathophysiology of Traumatic Penile Injury 


Blunt Penile Injury (Penile Fracture) 


Penile fracture is an injury of the tunica albuginea that occurs only with full penile rigidity. 
Penile fracture typically involves men between the ages of 30 and 40, happens most 
frequently on the weekends and during the summer, and most commonly occurs during 
sexual intercourse as a result of missed intromission, masturbation, rolling over in bed, and 
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Table 13.1 American Association for the Surgery of Trauma (AAST Penis Injury Scale). 


Grade” Description of injury 


I Cutaneous laceration/contusion 

II Bucks’ fascia (cavernosum) laceration without tissue loss 

Ill Cutaneous avulsion/laceration through glans/meatus/cavernosal or urethral defect <2cm 
IV Cavernosal or urethral defect >3 cm/partial penectomy 

Vv Total penectomy 


“ Advance one grade for multiple injuries up to grade III. Advance one grade for bilateral lesions up to 
grade V. Source Mohr et al [3]. 


kneading the penis to achieve detumescence [8-14]. The largest series of cases has been 
reported in the Middle East and North Africa, suggesting a higher frequency in these areas 
compared to North America [8-10]. This is thought to be due to the practice of Taqaandan, 
which involves bending the distal end of the erect penis while holding the base of the penis 
in place. Blunt trauma to the flaccid penis requires extensive force because the tunica 
albuginea can undergo significant degrees of bending without damage. During erection, 
the tunica albuginea thins to approximately 0.25mm, making subsequent injury more 
likely [15]. A penile fracture occurs when a sudden rise in intracorporeal pressure associ- 
ated with bending compromises the integrity of the tunica albuginea, causing a tunical 
tear [11, 16]. Tears in the tunica albuginea tend to be unilateral and transverse, but are 
bilateral in 5-14% of cases. “False” penile fracture is indistinguishable from a true penile 
fracture in most cases. It can be the result of rupture of a superficial dorsal vein, a deep 
dorsal vein, a dorsal artery, or nonspecific dartos bleeding [17]. The absence of immediate 
detumescence may alert the provider to this diagnosis [18]. 

Bending injuries to the penis can result in significant penile sequela. Injuries in either 
the flaccid or erect state, are thought to play a role in the development of Peyronie’s disease. 
In addition to penile fracture, sexual activity with a partial erection due to erectile dysfunc- 
tion (ED) may also be a risk facture for the development of Peyronie’s disease. Twenty-one 
to forty percent of men with Peyronie’s disease report trauma to the penis in either the flac- 
cid state or during intercourse [19, 20]. 


Penetrating Penile Injury 


Gunshot Wounds 

Gunshot wounds (GSW) to the penis are rare due to the anatomical location, size, and mobil- 
ity of the flaccid penis. Due to the rarity of this injury, most series have been reported in large 
metropolitan areas or after wars [1, 21, 22]. Up to 80% of patients with penetrating penile 
injuries have other associated injuries [4]. The degree of tissue destruction is highly depend- 
ent on the caliber of weapon and velocity of missile. Military injuries differ from civilian 
injuries because they are generally caused by high-velocity projectiles, produce greater tissue 
loss, and often require urinary diversion with staged repair. In the modern era, IEDs account 
for the vast majority of projectile penetrating injury. Improved body armor in modern warfare 
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has decreased the incidence of penile injuries. Only 6% of genitourinary injuries affected the 
penis in Operation Iraqi Freedom compared to 16-40% in the Vietnam War era [6, 21, 23]. 


Stab Wounds/Amputation 

Penile stab wounds or amputations are devastating injuries that occur as a result of assault or 
are self-inflicted. Self-inflicted penile amputation is a result of a psychotic event in 87% of 
patients, with schizophrenia (51%) and depression (19%) the most common causes. 
Amputations have also been reported in transgender patients [24]. The largest series of penile 
amputations was reported in Thailand in the 1980s. In this series of approximately 100 cases, 
most amputations were carried out by disgruntled wives of philandering husbands [25]. 


Avulsion/Bites 

Historically, avulsion injuries to the penis most frequently occurred as a result of power 
machinery accidents when clothing became entrapped in the moving machinery parts. 
Fortunately, the incidence has decreased with improved safety measures. Today, most genital 
skin avulsion injury results from motorcycle or bicycle collisions [26]. 

Bites to the penis are exceedingly rare and can result in skin loss, infection, injury to the 
urethra, and partial or complete loss of the organ. Bites are most frequently caused by 
canine attack and most frequently occur in children [27]. Human bites are even more rare 
and usually present in a delayed fashion due to embarrassment or fear of retribution. 


Burns 

Isolated penile burns are extremely rare, and are usually part of a larger surface area burn, 
occurring in 5-13% of burn cases [28]. Burns can be thermal, chemical, or electrical in nature. 
They require immediate referral to a burn center and demonstrate an average total body sur- 
face area of 21-56% for patients with perineal burns [28-30]. Patients with genital burns have 
been found to have a greater than average total burn surface area and higher mortality [31]. 


Initial Evaluation 


Penile Fracture 

“Clinicians must suspect penile fracture when a patient presents with penile ecchymosis, 
swelling, pain cracking or snapping sound during intercourse or manipulation and imme- 
diate detumescence” [7]. Most frequently this occurs during intercourse as the erect penis 
slips out of the vagina and strikes against the pubic bone or perineum. A classic “eggplant 
deformity” is present when Buck’s fascia remains intact and hematoma is confined to the 
penis (Figure 13.1a). The ecchymosis will spread to the scrotum and perineum if Buck’s 
fascia is disrupted. Diagnosis can reliably be made based on history and physical examina- 
tion. “Clinicians may perform ultrasound in patients with equivocal signs and symptoms of 
penile fracture” [7]. Ultrasonography is inexpensive, non-invasive, and helps with diagno- 
sis in uncertain cases. If diagnosis remains equivocal after ultrasonography, surgical explo- 
ration should be performed [7]. Magnetic Resonance Imaging (MRI) can accurately 
demonstrate the presence, location, and extent of a tunical tear [32], but its use in the acute 
setting is not recommended because it is costly, time-consuming, and can delay prompt 
surgical intervention [33]. Cavernosography to evaluate for extravasation involves 
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(a) (b) 


Figure 13.1 Penile fracture: (a) Ecchymosis and eggplant deformity. (b) Ultrasound of penile 
fracture. Note hypoechoic focus of hematoma arising out of the right corpus cavernosum (RT CC) 
and intact corpus spongiosum (CS) and left corpus cavernosum (LT CC). (c )Ventral tunica rupture in 
a different patient crossing midline with associated urethral injury exposing urethral catheter. 
Source: courtesy Alex J. Vanni, MD, FACS. 


intracorporal injection of contrast medium followed by fluoroscopy. This has limited sensi- 
tivity and specificity for the diagnosis of penile fracture and can easily be misinterpreted by 
urologists and radiologists due to lack of familiarity with the technique [34]. 

Tears in the tunica albuginea may extend to affect the corpus spongiosum and urethra in 
6-22% of cases [2]. “Clinicians must perform evaluation for concomitant urethral injury in 
patients with penile fracture or penetrating trauma who present with blood at the urethral 
meatus, gross hematuria, or inability to void (Guideline 29: Standard; Evidence Strength: 
Grade B) [7]. These patients must undergo evaluation for urethral injury with retrograde 
urethrography (RUG) or flexible cystoscopy [13, 35]. Associated urethral injury has been 
shown to be more common in coital-related injuries, whereas urethral injury rarely occurs 
(1.6%) when the fracture has a non-coital etiology [8]. 


Penetrating Injury 

The initial evaluation of any penetrating injury should include careful search for associated 
injuries. Civilian GSWs in general have associated injuries in 80-90% cases, most com- 
monly the thigh (69-75%) and scrotum (56-56%) [1, 4, 36]. Some studies have suggested 
that RUG be performed in all patients with gunshot injury to the penis, given that up to half 
of patients may have an associated urethral injury [1]. However, other studies have shown 
only a 6-24% rate of associated urethral injury, suggesting that RUG may be performed on 
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a case-by-case basis [1, 4, 36]. In general, all patients with penetrating injury to the penis 
should undergo surgical exploration, with concomitant evaluation for urethral injury. For 
patients with lacerations or bites to the penis that are obviously superficial to Buck’s fascia, 
a conservative approach may be warranted. 


Amputation 

Initial evaluation should focus on stabilization of the patient, both medically and psycho- 
logically. “Surgeons should perform prompt penile replantation in patients with traumatic 
penile amputation, with the amputated appendage wrapped in saline-soaked gauze, in a 
plastic bag and placed on ice during transport” (Guideline 32: Clinical Principle) [7]. 
If feasible, the patient should be transferred to a center with expertise in microvascular 
surgery. Evaluation of both the penile stump and amputated organ are undertaken to 
determine the feasibility of replantation. An attempt to salvage the organ and perform 
replantation should be made within 24 hours, as success has been reported after 18 hours 
of warm ischemia and up to 24hours of cold ischemia time [37-39]. Prior to operative 
intervention, patients need to be kept well-hydrated and kept warm to maximally dilate 
the peripheral vasculature. The penile stump may bleed significantly, and thus manual 
compression may be required to prevent ongoing blood loss until definitive surgical man- 
agement of the penile stump and appendage can be performed. Additionally, managing 
the bladder until definitive surgery will depend on multiple factors including the time to 
definitive surgery, degree of ongoing penile stump bleeding, and nature of the penile 
injury. If feasible, a urethral catheter may be placed, otherwise suprapubic tube drainage 
should be performed. 


Management 


Penile Fracture 

“Surgeons should perform prompt surgical exploration and repair in patients with acute 
signs and symptoms of penile fracture” (Guideline 27: Standard; Evidence Strength: 
Grade B) [7]. Conservative management alone has a high risk of long-term ED and penile 
angulation [16, 40, 41]. Up to 50% of patients managed conservatively will have either 
ED or penile deviation [40, 42]. Despite the emergent nature of the injury, studies have 
shown that delayed repair up to seven days does not result in any significant long-term 
serious deformities or erectile function [43, 44]. The injured corpus cavernosum can be 
exposed through either a circumferential subcoronal degloving incision, ventral midline 
incision, or longitudinal incision directly over the tunica tear. One of the disadvantages 
of a longitudinal incision directly over the tear is the risk of missing a bilateral rupture. 
A ventral midline incision can provide exposure as good as degloving, as the penis can be 
inverted through the ventral midline incision and may be preferred in patients with a 
delayed presentation when the hematoma is more organized and degloving more chal- 
lenging. Once the incision is made the hematoma is evacuated and tunica repaired with 
absorbable sutures. In the event that the tunica rupture extends behind the corpus spon- 
giosum, the urethra is mobilized to allow adequate visualization of the injury 
(Figure 13.1b). Similarly, if the rupture occurs on the dorsal aspect of the penis, the 
neurovascular bundle should be elevated over the tear to minimize injury to the neuro- 
vascular bundle during repair. The corpus spongiosum must be inspected at the time of 
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exploration, given the approximate 20% rate of associated urethral injury and the possi- 
bility of a falsely negative retrograde urethrogram or cystourethroscopy. If urethral injury 
is present, the urethra is repaired primarily in two layers over a urethral catheter, taking 
care to avoid narrowing the urethral lumen. The urethral catheter should be left in place 
for approximately two to three weeks with a pericatheter retrograde urethrogram per- 
formed prior to catheter removal to evaluate for urethral healing. 


Penetrating GSW and Stab Wounds 

Surgical exploration must be performed in all cases of penetrating penile injury, except in 
superficial, tangential injuries that clearly do not involve structures deep to the dartos [4]. 
Mainstays of treatment are debridement of devitalized tissues, copious irrigation with saline, 
and assessment of associated injuries. When possible, immediate reconstruction should be 
attempted. However, more extensive injuries may require urinary diversion and delayed 
reconstruction. The caliber and velocity of weapon in patients with GSWs has a significant 
impact on the extent of injury. Low-velocity GSWs usually do not have damage outside the 
path of projectile. Higher velocity missiles carry the risk of damage outside the path of 
fire [45]. Patients with higher velocity injury or injury from an IED should have management 
strategies that first prevent further damage to local tissues and prevent sepsis. Major debride- 
ment is deferred until local tissue viability has declared itself. Subsequent surgical manage- 
ment is then performed in which debridement, primary closure, or delayed primary closure 
and/or split thickness skin grafting is performed, depending on the local tissue viability [46]. 


Amputation 

The penile stump with Microvascular reattachment has shown superior outcomes with 
decreased skin necrosis, improved sensation, and superior function compared to macrovas- 
cular technique, in which only the corpora and urethra are reattached [47, 48]. The urethra 
is spatulated and repaired in a two-layer fashion with slowly absorbable sutures 
(Figure 13.2). A urethral catheter is placed to stabilize the penis. Next, the tunica albuginea 
of the corpora cavernosa are anastomosed with slowly absorbable sutures. Sutures may be 


Figure 13.2 Penile 
amputation reattachment 
with urethra anastomosis 
complete. Source: courtesy 
Alex J. Vanni, MD, FACS. 
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Figure 13.3 Penile amputation 
reattachment tunica albuginea 
anastomosis complete. Source: 
courtesy Alex J. Vanni, MD, FACS. 


placed in the septum to provide additional stability to the penis (Figure 13.3). This restores 
blood flow to the shaft of the penis. Lastly, microsurgical anastomosis of dorsal arteries, 
dorsal vein, and dorsal nerves is performed with fine nonabsorbable sutures. The skin is 
loosely approximated to allow for post-operative edema. Post-operatively, the patient is 
kept in a warm room on bed rest to maximize arterial blood flow. Serial vascular checks on 
the glans are performed with a Doppler. In the event of vascular congestion of the distal 
penile flap, leech therapy may be initiated. 

If the patient presents without the amputated penis, the amputated organ is not salvage- 
able, or if the graft bed is not compatible with replantation, reconstructing the penile stump 
or total phallic replacement with a free flap are the remaining options. The penile stump is 
initially managed by over-sewing the corpora and the urethra brought out to the skin and 
marsupialized as distally as possible. A perineal urethrostomy should be avoided if possible, 
to allow for the possibility of free flap phalloplasty in the future. Additionally, a split thick- 
ness skin graft may be required, depending on whether the native skin is salvageable. 


Abrasions/Lacerations/Avulsion 

Degloving injuries or lacerations to the penis can be closed primarily when the injury does 
not put the closure on tension. Split-thickness skin grafting can be performed if the injury 
is not possible without tension or if there is full thickness circumferential penile skin injury 
precluding closure. When the mechanism is due to the shear forces of a motor vehicle col- 
lision, the injury may be suitable for cleansing and immediate split-thickness skin grafting. 
However, in cases of a rotating machinery injury, the wound should be initially managed 
with wet-to-dry dressings to allow for demarcation of viable tissue. 


Bites 

Infection is one of the most devastating complications of penile bites and can occur in up 
to 30% of wounds. Immediate irrigation and debridement, along with broad-spectrum anti- 
biotic prophylaxis and tetanus/rabies immunizations (when appropriate) are the mainstays 
of therapy followed by primary wound closure whenever possible. More extensive injuries 
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may require mobilization of a local skin flap or skin grafting [34]. The wound must be free 
of infection with clean skin edges prior to reconstruction. 


Burns 

Initial management involves removal of clothing, aggressive fluid replacement, and Foley or 
suprapubic tube placement to measure urine output. Burns are stratified into three catego- 
ries. First-degree burns involve only the epidermis and appear pink with significant pain. 
Second-degree burns involve the epidermis and papillary demise, and appear as pink, moist, 
tender skin with thin-walled blisters. First- and second-degree burns can be treated without 
debridement with 1% silver sulfadiazine. Third-degree burns are full-thickness, painless 
lesions that appear white or brown and firm. Third-degree burns require debridement of all 
nonviable tissue, as delay in surgical intervention leads to an increased incidence of infection, 
longer hospital stays, and risk of burn scar contracture [26]. Third-degree thermal burns 
should be immediately skin grafted. Electrical burns require careful evaluation of the depth 
and degree of the burn and should initially be managed conservatively to characterize the full 
extent of involvement. Often, they require serial debridement and extensive skin grafting. 


Conclusions 


Prompt diagnosis and treatment are required to avoid potentially devastating long-term 
physical, psychological, and functional sequel of traumatic penile injuries. Rapid treat- 
ment of most penile injuries will prevent the development of permanent sexual dysfunc- 
tion. “Clinicians should initiate ancillary psychological, interpersonal, and/or reproductive 
counseling and therapy for patients with genital trauma when loss of sexual, urinary, and/ 
or reproductive function is anticipated” (Guideline 33: Expert Opinion) [7]. 
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Introduction 


Callaway first described priapism in the medical literature in 1824 where he referred to an 
erection that “occurred during but was not diminished by repeat connexion” [1]. The term 
priapism comes from Priapus, the Greek god of seduction, fertility, and sexuality, who was 
well-known for his large phallus. The natural history of untreated priapism was detailed by 
Frank Hinman, Sr. in 1914 [2], and since then multiple other sources have confirmed the 
severe consequences of untreated prolonged erections. 

The American Urological Association (AUA) defines priapism as a persistent penile 
erection that continues hours beyond, or is unrelated to, sexual stimulation [3]. Three com- 
mon types of priapism are described: ischemic (low-flow, veno-occlusive), non-ischemic 
(high-flow, arterial), and stuttering (intermittent, recurrent) priapism. This chapter aims to 
discuss the epidemiology, etiology, pathophysiology, and treatment for all types of priapism 
in a clinically oriented and practical manner. 


Epidemiology 


There is limited data evaluating the prevalence and incidence of priapism. The incidence 
in the general population is estimated as between 0.3 and 1.1 cases per 100000 person-years 
in Europe [4, 5]. The expected prevalence is higher in the United States (U.S.), Latin 
America, and Africa, due to the higher incidence of hemoglobinopathies, especially sickle 
cell disease (SCD). 

Multiple studies have tried to identify the incidence of ischemic priapism in patients 
with SCD, and have found the lifetime probability to be between 29 and 42% [4, 6]. A case 
series by Nelson and Winter found 23% of adult cases and 63% of pediatric cases of ischemic 
priapism to be related to SCD [7]. An international multi-center observation study of 
130 men with SCD found a mean age of priapism onset at 11 years old with 25% presenting 
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during pre-pubertal years [6]. Aliyu et al. estimated the prevalence of SCD in 2008 based 
upon data from the World Health Organization. According to the study, 20-25 million 
individuals worldwide have homozygous SCD: 12-15 M in sub-Saharan Africa, 5-10 M in 
India, and 3 M in other regions. As many as 70000 patients with SCD live in the US [8]. 
As such, SCD-related priapism is estimated to affect six million individuals worldwide, 
assuming a 30% lifetime probability. 

Information on non-ischemic priapism is exclusively based on reports from case series of 
patients with blunt perineal trauma [9]. 


Pathophysiology and Causes 


Ischemic 


Ischemic priapism is a penile compartment syndrome characterized by hypoxia, hyper- 
capnia, and acidosis within the corpora cavernosa (Table 14.1). Smooth muscle exposure 
to this environment for a prolonged time can cause irreversible erectile damage 
from necrosis, inflammation, and eventual corporal fibrosis. Hypoxia in any area of the 
body activates endothelial cells which leads to a cascade of reactions characterized by 
increased neutrophil adhesion, decreased mitochondrial chain activity, and increased 
intracellular calcium. After re-establishing blood flow there is also reperfusion of 
ischemic tissues, which initiates the production of reactive oxygen species, leading to 
further cellular damage. 

The majority of episodes of ischemic priapism are idiopathic; however, a detailed 
evaluation is required to exclude potential inciting events or influences. Causes of ischemic 
priapism include medications, illicit drug use, parenteral nutrition, hematologic/meta- 
bolic/neurologic diseases, and neoplasms (Table 14.2). 

Drugs (prescription and recreational) are responsible for approximately 30% of ischemic 
priapism cases [11]. Intracavernosal injection of vasoactive drugs for the treatment of 
erectile dysfunction (ED) remains a major cause of priapism. The clinical trials of the 
Alprostadil Study Group found prolonged erection (4-6 hours) in 5% of subjects, with pria- 
pism (>6 hours) occurring in 1% of subjects [12]. Very few cases of ischemic priapism have 
been reported with PDE-5 inhibitors; the majority of these cases occur in men with 
increased risk for priapism [13]. 


Table 14.1 Blood gas findings in priapism. 


PO, (mmHg) PCO, (mmHg) pH 
Normal arterial blood >90 <40 7.40 
Mixed venous blood 40 50 7.35 
Ischemic priapism <30 >60 <7.25 
Nonischemic priapism >90 <40 7.4 


Adapted from Ref. [3]. 


Table 14.2 Etiology of ischemic priapism. 


Pathophysiology and Causes 


Medications 


Intracavernosal agents 


Central nervous system (CNS) agents 
PDE-5 inhibitors 
Anti-hypertensives 


Anti-coagulants 


Hormones 


Illicit Drugs 
Parenteral nutrition 
Hematologic Disorders: 


Hyperviscous and hyper-coagulable states 


Hemoglobinopathies 
Immunologic diseases 


Metabolic diseases: 
Neurologic diseases: 
Neoplastic disorders: 


Idiopathic 


Source: adapted from Ref. [3, 10]. 


Papaverine, prostaglandin 1, phenoxybenzamine, 
phentolamine 


Trazodone, benzodiazepines, phenothiazines 
Sildenafil, tadalafil, vardenafil 


Prazosin, phenoxybenzamine, calcium channel 
blockers, beta blockers, hydralazine 


Heparin, warfarin 


Testosterone, gonadotropin releasing hormone, 
antiestrogens (tamoxifen) 


Cocaine, marijuana 


High concentration lipid infusions 


Polycythemia vera, Protein C deficiency, Protein S 
deficiency 


Sickle cell disease, thalassemias 
Lupus, protein C deficiencies 


Gout, diabetes, nephrotic syndrome, renal failure, 
amyloidosis, Fabry’s disease, hypertriglyceridemia 


Spinal cord injuries, autonomic neuropathy, 
spinal stenosis 


Leukemia, multiple myeloma, prostate/bladder/ 
rectosigmoid/kidney cancers 


Cocaine is an increasingly common cause of ischemic priapism. The mechanism is 


complex because it is both a norepinephrine re-uptake inhibitor (preventing detumes- 
cence) and serotonin re-uptake inhibitor (central nervous system [CNS] stimulation and 
peripheral vasodilation) [14, 15]. In addition to cocaine, marijuana has been associated 
with priapism. 

Some anti-hypertensive drugs can cause priapism through alpha-adrenergic antagonism, 
which prevents, or delays physiologic detumescence [16]. This same mechanism is thought 
to underlie the risk of priapism resulting from use of psychotropic drugs such as tricyclic 
antidepressants and trazodone [11, 17]. 

Heparin and warfarin have been associated with ischemic priapism through a poorly 
understood mechanism. Singhal et al. found 17 of 3337 hemodialysis patients who 
received heparin experienced an acute episode of priapism [18]. The episode of priapism 
may be due to a relative hypercoagulable state after heparin therapy but more studies are 
needed [19]. The same mechanism is proposed in cases of priapism following parenteral 
nutrition. [20] 
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The most commonly known intrinsic causes of ischemic priapism are hematologic disorders. 
The prevalence of SCD in African Americans is 8%, with a significant number experiencing 
priapism both in pre-pubertal and post-pubertal years [21-23]. During penile erection, the 
deoxygenated hemoglobin S (HbS) polymerizes, injuring the sickled erythrocyte. This activates 
the cascade of hemolysis and vaso-occlusion. The damaged erythrocytes release free hemo- 
globin into the plasma, causing it to react with nitric oxide to produce methemoglobin and 
nitrate. This causes functional nitric oxide deficiency and contributes to the development of 
vasculopathy. In addition, as the ischemic corporal tissue is re-perfused, there is oxidative dam- 
age and free radical generation. All of these steps cause obstruction from venous outflow alter- 
ing natural detumescence [24]. More recent animal studies have confirmed decreased nitric 
oxide and phosphodiesterase-5 (PDE-5) activity along with increased reactive oxygen species in 
penile tissue from transgenic sickle cell mice [25]. 

Malignant priapism is rare; however, most of the cancers associated with priapism are 
urological in nature (bladder 30%, prostate 30%, rectosigmoid colon 16%, kidney 11%). This 
is most likely due to venous obstruction in a pro-coagulant state. Direct occlusion of the 
corporal outflow by malignant infiltration is also possible [26]. 


Non-ischemic 


Non-ischemic priapism is a result of unregulated increased cavernous arterial inflow caus- 
ing penile tumescence [10]. In most cases a ruptured artery allows unregulated inflow of 
oxygenated blood to fill the sinusoids and results in penile erection of varying degrees. 
Venous drainage from the corpora cavernosa continues unabated, preventing stasis of blood 
flow and therefore tissue ischemia. This phenomenon explains why pain is not often a pre- 
senting symptom. Blunt or penetrating trauma resulting in laceration of the cavernous artery 
or one of its branches within the corpora is the most common cause. This causes an arterial- 
lacunar fistula leading to the unregulated release of endothelial nitric oxide. Nitric oxide is a 
potent vasodilator and prevents penile detumescence as well as clotting of the fistula [10]. 


Stuttering 


Stuttering priapism is characterized by a pattern of recurrent ischemic priapism. This was 
first described by Hinman Sr. [2] and then further elucidated by Emond et al. with homozy- 
gous SCD patients in Jamaica [4]. They found a 42% prevalence rate with median age of 
onset of 21years. They identified two predominant patterns: (i) short episodes lasting 
<3hours with normal sexual function afterwards; and (ii) prolonged erections (normally 
>24 hours) commonly followed by ED [4]. A multicenter study of 130 patients with SCD 
found that 35% (46 pts) had a history of priapism with 75% occurring before the age of 20. 
Of these patients, 72% (33 pts) had stuttering priapism [6]. 


Evaluation and Diagnostic Workup 
The AUA Guideline on the Management of Priapism from 2003 (updated in 2010) serve as 


the basis of evaluation and treatment for priapism [3]. The evaluation of patient with pria- 
pism includes a combination of detailed history, physical exam, laboratory work, and/or 
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Table 14.3 Clinical findings in priapism. 


Ischemic Non-ischemic 

Priapism Priapism 
Fully rigid corpora cavernosa Usually Rarely 
Penile pain Usually Rarely 
Abnormal penile blood gas Usually Rarely 
Blood abnormalities and hematologic malignancy Sometimes Rarely 
Recent intracavernous vasoactive drug injection Sometimes Rarely 
Chronic, well tolerated tumescence without full rigidity Rarely Usually 
Perineal Trauma Rarely Sometimes 


Source: adapted from Ref. [3]. 


radiographic studies. A thorough history can help differentiate between an ischemic 
or non-ischemic condition, and must include specific information, such as duration of 
erection, degree of pain, use of medications or illicit drugs, history of blood dyscrasias, and 
history of pelvic or genital traumas. On physical exam, the corpora cavernosa are com- 
pletely rigid and tender to palpation during ischemic priapism. During a non-ischemic 
event, however, the corpora cavernosa may be tumescent without complete rigidity and 
tenderness on examination (see Table 14.3). 

Recommended laboratory studies include complete blood count (CBC) with differential, 
toxicology screening if clinical suspicion is present, and penile blood gas testing. A CBC 
can help rule out acute infections or dyscrasias, such as leukemia or platelet abnormalities. 
In cases with high index of suspicion, hemoglobin electrophoresis may help identify previ- 
ously unknown hemoglobinopathiessuch as thalassemias in men of African, Mediterranean, 
or Southeast Asian descent. Other rare hematological disorders can be investigated on a 
case-by-case basis including Protein C and S deficiency; Factor V Leiden deficiency; Anti- 
thrombin III deficiency; Prothrombin gene mutation; and anti-phospholipid antibody. 

Penile blood gas testing is essential in differentiating ischemic and non-ischemic pria- 
pism. Cavernosal blood in men with ischemic priapism typically appears dark due to 
severe hypoxia. A typical pattern of blood gas levels in ischemic priapism is as follows: PO 
(partial pressure of oxygen) <30, PCO, (partial pressure of carbon dioxide) >60, and 
pH <7.25. In contrast, aspirated blood in non-ischemic priapism is bright red due to ade- 
quate oxygenation. Expectedly, the blood gas pattern is as follows: PO,>90, PCO, <40, 
and pH ~7.4 (Table 14.1). 

Color duplex ultrasonography can be performed as an alternative or an adjunct to penile 
blood gas study in order to differentiate the two etiologies. Ultrasonography can be particu- 
larly helpful when assessing the patient who may have undergone an intervention or shunt 
procedure. In ischemic priapism, cavernosal arteries typically demonstrate absent or sig- 
nificantly compromised blood flow velocities (Figure 14.1a); whereas, in non-ischemic 
priapism, blood velocities are much higher, normal or close to normal for a penile erection 
(Figure 14.1b). Further imaging studies, such as penile arteriography, can be performed 
with the intent of treatment with embolization if there is a high suspicion for cavernous 
artery fistula (Figure 14.1c). 
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Figure 14.1 Penile ultrasonography of patients with priapism. (a) Color duplex Doppler ultrasound 
study of the left cavernosal artery demonstrating severely diminished peak systolic velocity (PSV) 
confirming ischemic priapism. (b) Color duplex Doppler ultrasound study demonstrating low- 
normal PSV suggestive of non-ischemic priapism. (c) Color Doppler ultrasound study of the corpora 
cavernosa demonstrating significant color flow on the right side, consistent with non-ischemic 
priapism due to a large anterio-venous fistula. Source: courtesy of H. Wessells, MD. 


Treatment 


Treatment for priapism is also directed by the AUA Guideline, and is based upon the type of 
priapism identified on evaluation. In the treatment of ischemic priapism, a step-wise 
approach is recommended as outlined in the algorithm in Figure 14.2. A penile block with or 
without systemic analgesia is initiated followed by aspiration/irrigation treatment. Data from 
Ateyah et al. [28] shows that a combination of aspiration with cold saline irrigation resolved 
66 versus 24% with aspiration alone; however, irrigation is optional per the AUA Guideline [3]. 

Next, use of a sympathomimetic agent (phenylephrine) intracavernosally ranging from 
100 to 500 ug/ml every three to five minutes for up to one hour is recommended. Notably, 
lower doses should be used in pediatric patients or patients with severe cardiovascular risk 


Treatment 


PRIAPISM 


Initial management 


Urologic management 


Ischemic 
Non Ischemic 
Observation Non sickle cell IF still Sickle cell 
Patient education Penile vs systemic anesthesia: tumescent 
Duplex doppler ultrasound Local penile shaft block after 4 hours Opioid analgesia 
Dorsal or circumferential nerve block Hydration - IV vs PO 
l Oral vs IV conscious sedation Oxygen if hypoxic 
Aspiration +/— irrigation with dilute adrenergic agent 
p g gic ag No detumescence Transfusion: 
Selective arterial embolization Sickle cell only simple or exchanges 
Detumescence? 
Complete K=] Partial ==> None 
Patient education Inpatient observation and serial examination Percutaneous vs surgical shunt 
Scheduled follow-up Paint management Distal first 
Pain management Interval assessment of corporal blood flow: Proximal if absent cavemosal arterial 
Inspection, blood gas, duplex doppler utrasound flow by Duplex doppler ultrasound 


Alpha adrenergic agonist (oral vs intracavernosal) 


Figure 14.2 Algorithm for the management of priapism. Adapted from Ref. [27] with permission. 


factors. Cardiovascular monitoring is also recommended (side effects of systemic phenyle- 
phrine include hypertensive crisis, reflex bradycardia, headache, and palpitations). If there 
is a failure of aspiration and repeated injections of a sympathomimetic agent, considera- 
tion of surgical intervention via shunt procedures should be made. 

The type of surgical shunt procedure is chosen based upon the surgeon’s experience; 
however, a corporoglanular (distal) shunt should be performed first, due to relative 
technical ease and fewer complications. Types of distal shunts are highlighted in Figure 14.3 
and 14.4. As a general principle, less invasive distal shunts are recommended prior to more 
invasive proximal shunts, and success rates range from 66 to 74%. Of the distal shunts, the 
Al-Ghorab shunt (Figure 14.5) is the most effective, and can still be utilized after failure of 
other distal shunts. If distal shunts are unsuccessful, proximal shunts can be created 
between the corpus cavernosum and spongiosum (Quackels, Figure 14.6) or between cor- 
pus cavernosum and the saphenous vein (Grayhack). Proximal shunts are associated with 
higher rates of ED, but are effective in up to 77% of cases. 

In non-ischemic priapism, observation is the initial form of management along with 
treatment of underlying conditions responsible for priapism. In selected cases, and after a 
detailed discussion, more invasive treatments can be considered. Androgen blockade is an 
effective treatment thought to be due to limiting nocturnal penile blood flow possibly 
causing spontaneous closure of the cavernous artery fistula [30]. Embolization using 
absorbable material is the first-line invasive treatment option. Surgical management with 
fistula ligation is a last resort. Selective arterial embolization offers a 90% success rate; how- 
ever, 7-27% of temporary arterial embolization may recur. There has been a gradual 
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Figure 14.3 Conceptual basis for distal shunts for ischemic priapism. Note the larger connection 
created using the T shunt with “Snake” procedure (b) versus Winter shunt (a). Taken from Ref. [10] 
with permission. 


Percutaneous Techniques 


Winter Corpora cavernosa 
Biopsy needle 


Core of tissue removed 


Figure 14.4 Percutaneous cavernosal spongiosal shunts. Top: Winter shunt with percutaneous 
needle perforation of distal tunica albuginea creating small opening(s) between cavernosum and 
spongiosum. Middle: Ebbehoj shunt in which scalpel is used to make opening in tunica. Bottom: 
T shunt with larger opening in tunica, through which one can perform “Snake” procedure 

(see Figure 14.3). Taken from Ref. [40] with permission. 
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Figure 14.5 Al-Ghorab distal shunt in which a Incision 
transverse incision in the glans allows access to 
the tip of each corpus cavernosum, from which a 
small circle of tunica albuginea is excised to 
create a large bore shunt. Taken from Ref. [29] 
with permission. 


ma 
‘ 


Corpora cavernosa 


Figure 14.6 Proximal shunt (Quackel’s). Note the shunts are bilateral in this depiction, offset in 
the proximal-distal axis so that the corpus spongiosum can be effectively approximated to the 
respective corpus cavernosum. Taken from Ref. [10] with permission. 


evolution of treatment over the years, and there still remains a great paucity in the litera- 
ture with a little over 100 reported cases. In a case series of 15 patients, approximately 20% 
of patients noticed a decrease in erectile quality and mean post-procedure International 
Index of Erectile Function (IIEF) score of 26.3 [31, 32]. 

In stuttering priapism, the goal is to prevent future episodes while management of each 
episode should follow the ischemic priapism management pathway (see above). 
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Table 14.4 Treatment options for stuttering priapism. 


Medication Administration Side Effects 

Antiandrogens Oral Gynecomastia, peripheral edema, anemia, 
hepatotoxicity, vasomotor effects 

GNRH agonists Intramuscular Gynecomastia, vasomotor effects, fatigue, 

or antagonists osteoporosis, depression, etc. 

Baclofen Oral Sedition, dizziness, fatigue, confusion, visual 
problems, etc. 

Digoxin Oral Cardiac, gastrointestinal, gynecomastia, dizziness, 
visual problems 

Alpha adrenergic Intracavernosal Hypertension, bradycardia, headaches, palpitations 

agonists or Oral 

Gabapentin Oral Leukopenia, dizziness, fatigue, ataxia, weight gain, 
vision problems 

Ketoconazole Oral Hepatotoxicity, gastrointestinal weakness, etc. 

Adapted from Ref.[33]. 


Anti-androgens or agonists of gonadotropin-releasing hormones are an option in post- 
pubertal males. Self-administered phenylephrine intracavernosally should be discussed in 
patients not responding or not interested in systemic treatment. PDE-5 inhibitors have 
shown inconsistent results but may help some patients with stuttering priapism. Table 14.4 
shows additional options of treatment for stuttering priapism. 


Effects of Priapism on Erectile Function 


The duration of priapism is the most important predictor of erectile function recovery after 
treatment. Bennett et al. reported on 39 SCD patients with priapism and found that all 
patients with priapism of more than 12hours noted a decrease in penile rigidity. Return of 
spontaneous functional erections with or without sildenafil was: 100% (<12hours), 78% 
(12-14 hours), 44% (24-36 hours), and 0% (>36 hours) [34]. Prolonged episodes of priapism 
can cause severe corporeal fibrosis that makes placement of a penile prosthesis technically 
difficult. This is associated with use of smaller-sized penile implants and a higher rate of 
complications compared to standard inflatable penile prosthesis placement [35]. Tausch 
et al. described placement of a malleable prosthesis as a treatment for refractory ischemic 
priapism [36, 37]. There is increasing evidence that early insertion of a semi-rigid device for 
refractory ischemic priapism is easier, more cost-effective, with lower complication rates, 
and allows for upsizing to a larger inflatable penile prosthesis at a later time [38, 39] 


Summary 


Prolonged erection persisting or unrelated to sexual stimulation requires emergency evalu- 
ation and determination of ischemic versus non-ischemic priapism. Ischemic priapism is a 
medical emergency and must be managed in a methodical fashion with early evaluation 


References 


and intervention providing the best erectile function outcomes. Non-ischemic priapism 
is often caused by an arterial-lacunar fistula after perineal trauma and is not a medical 
emergency. Stuttering priapism, often seen in SCD, can be difficult to treat and each epi- 
sode should be treated like ischemic priapism with multiple pharmacological prevention 
strategies available. 
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Introduction 


Traumatic injury of the scrotum and its contents is uncommon. The structures are rela- 
tively protected by the dependent and mobile nature of their anatomy. However, severe 
testicular trauma resulting in organ loss can affect fertility, contribute to hypogonadism, 
and affect social confidence and psychological well-being [1]. Prompt assessment and 
operative intervention, when required, is important to preserve normal testicular 
function. 

Blunt scrotal trauma can cause scrotal skin ecchymosis, testicular hematoma, hema- 
tocele, testicular rupture, or dislocation. Blunt injuries account for 75-85% of cases, the 
majority of which are sustained during assault or sporting injury [2-5]. Less common 
mechanisms of injury are occupational accidents or motor vehicle collisions [5]. 

External genital injuries form up to 40-60% of all penetrating genitourinary trauma [4, 
6]. While bilateral testicular injury is very rare in blunt trauma, it may be present in up to 
30% of all penetrating scrotal injuries [5-8]. The most common causes for penetrating scro- 
tal injuries in civilian series are gunshot wounds (55-95%), stab wounds (5-42%), and ani- 
mal bites [6, 9]. Legal intoxication is often present in patients with penetrating external 
genital trauma [10]. 

External genital injuries have increased in the modern battlefield due to blast injuries 
from fragmentation devices and the lack of protective armor for the genital area [11]. These 
devastating injuries are associated with lower limb injury, pelvic fracture, and a high mor- 
tality [12]. Progress has been made with the development of protective equipment, survival 
(via advanced combat casualty care), and acute sperm retrieval [12-15]. 

The American Association for the Surgery of Trauma (AAST) produced a five grade scale 
system for scrotal (Table 15.1) and testicular (Table 15.2) injuries. 


A Clinical Guide to Urologic Emergencies, First Edition. Edited by Hunter Wessells, Shigeo Horie, 
and Reynaldo G. Gómez. 

© 2021 John Wiley & Sons Ltd. Published 2021 by John Wiley & Sons Ltd. 

Companion website: www.wiley.com/go/wessells/urologic 


Imaging 


Table 15.1 AAST scrotal injury scale [16]. 


Scrotum Injury Scale 


Grade Description of Injury 

I Contusion 

Il Laceration <25% of scrotal diameter 
Ill Laceration >25% of scrotal diameter 
IV Avulsion <50% 

V Avulsion 250% 


Table 15.2 AAST testicular injury scale [16]. 


Testis Injury Scale 


Grade’ Description of Injury 

I Contusion/hematoma 

II Subclinical laceration of tunica albuginea 

Ill Laceration of tunica albuginea with <50% parenchymal loss 

IV Major laceration of tunica albuginea with >50% parenchymal loss 
Vv Total testicular destruction or avulsion 


“Advance one grade for bilateral lesions up to grade V. 


General Evaluation 


The history should include the mechanism of injury, symptoms, and previous scrotal 
pathology or surgery. On physical examination, the injured scrotum is often difficult to 
palpate due to swelling and marked tenderness, making it challenging to assess the integ- 
rity of the testes. The degree of scrotal ecchymosis, swelling, and hematoma may not cor- 
relate with the severity of testicular injury, while lack of these signs does not always rule 
out testicular rupture [17]. An empty ecchymotic hemiscrotum should raise suspicion of 
testicular dislocation. A scrotal injury in the presence of blood at the urethral meatus and 
inability to void should raise the suspicion of associated urethral injury, particularly with 
penetrating mechanisms. Visible or microscopic haematuria should prompt the clinician 
to consider concomitant urinary tract injuries. 


Imaging 


Over the past 30years, ultrasonography has proven a useful adjunct to clinical examination 
and forms the preferred non-invasive imaging modality in scrotal trauma. High-frequency 
real-time ultrasound using a linear transducer (>7.5MHz) and grayscale, color, and 
Doppler flow technique in experienced hands is the modality of choice [18]. 
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Testicular rupture may appear as a discontinuity of the tunica albuginea with an associ- 
ated contour abnormality due to protrusion of the testicular parenchyma [18]. 
Heterogeneous echogenicity within the testis is considered a pathognomonic sign of rup- 
ture (Figure 15.1). Fracture of the tunica albuginea alone was used as the criterion for 
diagnosing testicular rupture; however, this has since been shown to have poor sensitiv- 
ity [19-21]. Scrotal ultrasonography can be up to 100% sensitive in diagnosing testicular 
rupture and should prompt urgent surgical exploration [22]. 

Disruption of the tunica vasculosa, the layer underlying tunica albuginea comprising of 
internal capsular vessels, may result in loss of vascularity in a testicular segment [21]. 
Contusions, hematoceles, testicular dislocations, intratesticular hematomas, and testicular 
ruptures can also be visualized (Figure 15.2) [1]. 


Figure 15.1 Ultrasonography 
demonstrating irregular 
hypoechoic regions with 
absent Doppler flow and 
increased peripheral flow. 
Surrounding fluid is evident. 
Although tunica albuginea 
appears intact, the features 
are highly suspicious of 
testicular rupture and 
emergency surgical 
exploration is indicated. 
Source: courtesy of Davendra 
Sharma, OBE, FRCS. 


Figure 15.2 Ultrasonography 
demonstrating a 1-cm 
intratesticular hematoma. 
Source: courtesy of Davendra 
Sharma, OBE, FRCS. 


Management 


Figure 15.3 Axial CT scan 
demonstrating dislocated 
right testis lying within 
inguinal canal. Source: 
courtesy of Davendra Sharma, 
OBE, FRCS. 


Magnetic resonance imaging (MRI) has been proposed when ultrasonography is incon- 
clusive; however, it does not improve testicular rupture detection [23]. Furthermore, it is 
time-consuming, logistically difficult, and can potentially delay surgical exploration 
and repair. 

Computed tomography may be useful in suspected testicular dislocation to reveal the 
position of the displaced testicle (Figure 15.3). Ultrasonography may not always identify 
the testis; however, if found, color-flow Doppler can assist in evaluating its viability [24]. 


Management 


Acute Management 


The majority of scrotal trauma are isolated injuries. Trauma principles should be followed 
in polytrauma patients, who require a multidisciplinary approach. For penetrating scrotal 
injuries, prophylactic antibiotics and tetanus prophylaxis are recommended [25]. 


Scrotal Skin Injuries and Scrotal Reconstruction 


Lacerations of the scrotal skin can be closed primarily when there is no suspicion of injury 
to the scrotal organs. A layered closure of the deep fascia and skin using absorbable inter- 
rupted sutures reduces the likelihood of ischemia and allows for drainage between the 
sutures [6]. If wound contamination is present, extensive washout, and debridement of 
infected and necrotic scrotal tissue should be undertaken (Figure 15.4). Meticulous hemo- 
stasis is important as the low scrotal pressure allows for hematoma development without 
tamponade. A Penrose drain can be used to limit the amount of hematoma formation [26]. 
Non-occlusive fine mesh oil emulsion impregnated wound dressings can be applied on the 
wound, supported by gauze and scrotal support underwear. 

The dependent nature of the scrotum allows for extensive mobilization and primary 
closure of most defects. However, in the presence of scrotal avulsion or when surgical 
debridement results in significant scrotal skin loss, scrotal reconstruction may be 
required. The use of vacuum-assisted closure (VAC) systems can be used as temporary 
coverage for large soft tissue defects requiring multiple surgical debridements and 
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Figure 15.4 Extensive 
debridement following skin 
and soft tissue injury 
including scrotal, perineal, 
and inner thigh skin loss due 
to improvised explosive 
devices (IED)-related injury. 
Source: courtesy of Davendra 
Sharma, OBE, FRCS. 


Figure 15.5 Severe 
IED-related perineal trauma 
resulting in complete Loss of 
scrotal skin and penoscrotal 
and most of proximal/mid 
penile urethra. Note exposed 
urethral catheter in 
midurethra. Source: courtesy 
of Davendra Sharma, 

OBE, FRCS. 


reconstructions [27]. Such systems generate a negative topical pressure gradient and 
increase granulation tissue formation on the wound surface [28]. In the initial manage- 
ment, meticulous wound care with subsequent skin grafting is now the option of choice 
in most cases (Figure 15.5). Testes and spermatic cords can be buried in a lateral thigh 
pouch or in a subcutaneous abdominal pouch, but this is rarely necessary. Avulsed skin 
may occasionally be preserved and prepared for full- or split-thickness skin grafting. In 
the absence of devastating burns or massive skin injuries, an interval of local care and 
dressing changes with saline-soaked gauze is favored over immediate grafting [26]. This 
allows wound decontamination and allows tissue granulation following which split- 
thickness skin grafts can be used from thigh donor sites [26]. Meshing of the skin graft 
allows exudate to escape from the interstices, which improves graft take while delivering 
a good cosmetic result. The spermatic cords and testes may be sewn together before graft- 
ing to prevent a bifid neoscrotum. 


Management 


Thigh flaps can be used for reconstruction when testes have been buried in a thigh 
pouch [17]. Arrest of spermatogenesis has been shown following scrotal reconstruction 
with a flap; however, thin-trimming of the reconstruction flap may reverse spermatogene- 
sis arrest [29]. 

While isolated genital burn injuries are uncommon, they may be present in up to 13% of 
patients admitted to burns units. Most common causes are flames, hot liquids, and chemi- 
cal agents. Genital burn management should involve removal of any retained material or 
clothing followed by cooling down with water. Physiological dressings and topical antibiot- 
ics should be applied, while epidermal allografts may enhance epithelialization and reduce 
hypertrophic scar formation [30]. Urgent debridement is rarely necessary, as structures 
that appear non-viable may often recover. Conservative approach of even second-degree 
burns may lead to successful outcome in 61-90% of cases [31]. In third-degree burns or 
when conservative management of second-degree burns fail, debridement and tissue 
grafting may be required. 


Hematocele 


Hematocele is an extratesticular injury in which bleeding is confined within the tunica 
vaginalis [18]. Small hematoceles may be managed conservatively with elevation, ice packs, 
non-steroidal anti-inflammatory drugs, bed rest, and close monitoring [32]. Delayed surgi- 
cal intervention may be necessary in cases of suspected infection or undue pain [25]. 
Scrotal exploration is indicated when a hematocele is greater than 5cm or expanding or 
causes extrinsic compression on surrounding blood vessels and reduced flow on Doppler 
ultrasonography [18, 33, 34]. Furthermore, ultrasonography may not be able to demon- 
strate a tunica rupture in the presence of a large hematocele. These cases should be man- 
aged operatively with scrotal exploration, evaluation of the blood clot, and meticulous 
hemostasis, even in the absence of testicular rupture. 


Intratesticular Hematoma 


Small hematomas confined within the tunica albuginea, with no evidence of rupture, can 
be managed non-operatively with serial ultrasound examinations until their resolution [21, 
33]. Large intratesticular hematomas are best managed by drainage to reduce the risk of 
pressure necrosis, atrophy, and orchiectomy [2, 18]. 


Testicular Rupture 


The incidence of testicular rupture may be up to 50% in blunt scrotal injuries [2]. Blunt 
scrotal trauma patients were originally treated conservatively with surgical interventions 
reserved only when complications arose [35]. In 1969, Gross reported the importance of 
early exploration and repair. There is no role for conservative management of testicular 
rupture in contemporary practice [36]. Early surgical intervention may result in testicular 
preservation in over 90% of cases, while intervention after three days results in orchiectomy 
rates of 45-50% [2]. Early repair preserves hormonal function and may preserve fertil- 
ity [37]. Surgical management involves exploration and evacuation of hematoma, excision 
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of any necrotic testicular tubules, and closure of the tunica albuginea, most often with 
continuous absorbable suture material [25, 35]. 


Testicular Dislocation and Testicular Torsion 


Traumatic dislocation of the testicle rarely happens in victims of motor vehicle collisions. 
The testis may dislocate subcutaneously with epifascial displacement. The superficial 
inguinal area is the most common site of dislocation, with perineal, retrovesical, or acetab- 
ular regions being less common [18]. Dislocation can occur in blunt abdominal trauma and 
may often be missed [38]. It occurs rarely and is most common in victims of motorbike 
accidents as rapid deceleration can cause collision of the scrotum and perineum against the 
fuel tank resulting in proximal organ displacement [38-43]. Bilateral testicular dislocation 
has been reported in high impact collisions [43, 44]. Manual repositioning should be 
attempted with secondary orchidopexy. If this cannot be performed, immediate orchi- 
dopexy is indicated [24]. Trauma-induced testicular torsion has also been widely reported 
in the literature, possibly as a result of forceful contraction of the cremaster muscles [45-47]. 
Principles of urgent scrotal exploration and orchidopexy apply, as with spontaneous cases. 

Extensive destruction of tunica albuginea or excessive testicular swelling may not allow 
for approximation and closure of the tunica albuginea. In these cases, the parietal lamina 
of tunica vaginalis can be mobilized as a graft or used as a vascularized flap and sutured to 
cover the defect. 


Penetrating Scrotal Injury 


Penetrating injuries to the scrotum generally require surgical exploration with debride- 
ment of non-viable tissue. Primary approximation and closure are easily performed in most 
cases. When complete disruption of the spermatic cord is present, vascular realignment 
without vaso-vasostomy can be considered when technically feasible [25, 48, 49]. 
Microsurgical reconstruction of the vas deferens should only be performed in the hemody- 
namically stable patient or as a secondary surgical procedure. 

Testicular salvage in civilian gunshot injuries may be as low as 10%; however, contempo- 
rary series show that up to 75% of testes may be successfully reconstructed [6, 50]. When 
extensive destruction of the tunica albuginea is present, a tunica vaginalis flap can be used. 
Synthetic grafts should be avoided due to the high infection rate [51]. If there is extensive 
testicular injury where reconstruction cannot be achieved or the patient is hemodynami- 
cally unstable, orchiectomy is indicated [25]. If both testes are not salvageable, acute sperm 
retrieval should be considered for future assisted reproduction [15, 52]. Consent should be 
obtained for cryopreservation with clear guidance on future use of the gametes. 


Combat-Related Scrotal Injuries 


The majority of urological injuries in modern warfare involve the pelvic organs and 
external genitalia. It is thought that the shift away from torso injuries is due to the use of 
body armor and the prevalence of ground-level fragmentation devices [11, 13]. 


Combat-Related Scrotal Injuries 


Figure 15.6 Bilateral 
testicular injury with 
extensive hematoma and loss 
of parenchymal tissue. Source: 
courtesy of Davendra Sharma, 
OBE, FRCS. 


Pelviperineal injuries, primarily due to improvised explosive devices, accounted for 118 
(5.4%) of UK military trauma patients with a mortality of 47% [12]. Combined perineal 
and pelvic fracture injuries have a significantly higher mortality compared to perineal 
injuries alone (41 vs. 18%) [12]. During the Iraq war, 34% of lower genitourinary trauma 
cases in a single hospital were scrotal with a high salvage rate of 86%. The leading cause 
for death in the cohort was associated major blood vessel injury [53]. As a result, modern 
modified body armors include a detachable flap to protect the genital and medial groin 
regions [54]. 

In the setting of traumatic testicular loss in the polytrauma patient, the focus of treat- 
ment is damage control by hemostasis, resuscitation, and management of concurrent 
life-threatening injuries. Multiple reoperations may commonly be required to control 
infection in combat wounds, which may implicate atypical infections, such as fungal 
organisms, making management even more challenging [55]. Uncompromising initial 
debridement, immediate fecal diversion, urinary diversion, and early enteral feeding is 
recommended in severe pelviperineal trauma (Figure 15.6) [12]. Patterns of survivable 
injury in warfare have changed in recent years as wounding mechanisms have altered, 
ballistic protection has improved, and the military chain of trauma care and expertise has 
evolved [14]. 

Servicemen that have suffered extensive genital injury highly rate the importance of sex- 
ual function as a part of their lives prior to injury. The majority describe their genital injury 
more important than losing their legs [56]. Close involvement of clinical psychologists is 
important from the earlier stages. Patients seem to come to terms with their injuries far 
better if they have fertility preserved or a sperm sample saved. Early aggressive interven- 
tion to ensure samples are taken is required. In the United Kingdom, a process for acute 
sperm retrieval has been developed to meet the injured servicemen’s needs, with follow-up 
to ensure that fertility is preserved through hormonal and surgical interventions [56]. This 
effort should serve as a model for other countries. 
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Infection 


Breach of scrotal skin poses the risk of infection. Antibiotic prophylaxis is therefore recom- 
mended for all scrotal penetrating trauma, although data to support this practice is lack- 
ing [25]. Animal bites to the scrotum are rare but carry a significant risk of infection. 
Animal bites are most prevalent in the pediatric population (60-70%) and are mostly from 
dog attacks (80%) [57, 58]. The relative risk for a dog attack by a German Shepherd or a 
Doberman may be five times higher than that of a Labrador/retriever or cross-breed [59]. 
The most common bacterial infection by a dog is Pasteurella sp. followed by anaerobic 
organisms. Staphylococcus aureus is the most common aerobic organism occurring in 
20-30% of infected dog bite wounds [60]. Other pathogens include Streptococcus sp., 
Corynebacterium sp., Eikenella corrodens, and Capnocytaphaga canimorsus [61]. Surgical 
exploration with debridement should include thorough irrigation with normal saline fol- 
lowed by daily wound care and further debridement if necessary. Penicillin-based broad- 
spectrum antibiotic prophylaxis should be administered. Amoxicillin with a beta-lactamase 
inhibitor (co-amoxiclav) is the first-choice antibiotic [61]. Cephalosporins, erythromycin, 
or doxycycline may also be considered. There is no consensus on the length of duration; 
however, 5-7 days of oral treatment for prophylaxis and 7-14 days for treatment of an estab- 
lished infection is recommended [61]. Rabies should be considered for wild as well as for 
domestic animal bites, especially in endemic rural areas of Africa and Asia. Post-exposure 
vaccination should be administered in such cases. Tetanus immunization status should be 
assessed as tetanus immunoglobulin and tetanus toxoid may be required. Human saliva 
carries a broader range of pathogens than in animals - transmission of viral infections 
including hepatitis and HIV is possible [26]. 


Future Fertility 


Experimental data in rats suggest that unilateral testicular trauma can significantly reduce 
fertility to 27% with the contralateral testis showing decreased volume, smaller seminifer- 
ous tubular diameters, and various degree of aspermatogenesis due to immunological eti- 
ology [62]. A study on pre-pubertal rats showed that even grade I unilateral blunt testicular 
injury can significantly affect germ cell maturation in both ipsilateral and contralateral 
testis and alter the sex hormone profile [63]. Another study examined 80 post-pubertal rats 
subjected to blunt and penetrating unilateral testicular injuries managed by conservative 
approach, orchiectomy, or repair with sutures or mesh. Fertility rates were significantly 
lower in all post-injury groups, except the orchiectomy group with histological changes and 
impaired spermatogenesis in all groups, regardless of treatment group. Contrary to the 
former studies, contralateral testes showed no evidence of autoimmune injury and showed 
normal histology [64]. 

Trauma cases have a notoriously low follow-up rate, therefore analysis of any long-term 
outcomes is limited. It is estimated that only 22-40% of trauma cases are followed up due 
to a variety of reasons (resolution of symptoms, socioeconomic factors, incarceration sta- 
tus, or hospitalization for confounding mental illness) [6, 9, 10]. 


Considerations 


Small case series and case reports suggest that testicular salvage with early testicular 
repair protects fertility [37, 65]. Testicular atrophy after testicular injury is common and 
semen analysis may show objective signs of subfertility: oligospermia, asthenospermia, 
and low sperm motility [37]. Antisperm antibodies can develop; however, levels are 
unlikely to be clinically significant, therefore subfertility is less likely to be immune- 
mediated [37]. Sperm density may be reduced but is reported to remain within the normal 
range following unilateral orchiectomy [65]. 

Preservation of sperm and testicular tissue has been used for patients with threatened 
future reproductive function similar to testicular cancer management. This intra-operative 
practice should be considered in patients with injury to their single testis or patients with 
bilateral testicular trauma [15, 66, 67]. Acute sperm retrieval can be performed and sperm 
can be aspirated from the vas deferens, seminal vesicle, or epididymis at the time of sur- 
gery [15, 52, 68]. This practice has been observed in severely injured UK soldiers with suc- 
cessful conception achieved in patients with bilateral testicular loss [69]. Testicular 
replantation can be attempted in selected cases [70]. Sperm retrieval may also be attempted 
for cryopreservation from semen specimens following surgery [67]. Sperm cryopreserva- 
tion is also now being offered to British Armed Forces prior to deployment and should be 
considered in military personnel at high risk of sustaining scrotal injuries to reduce stress 
in future family planning [71]. 

As with posthumous sperm extraction, retrieving sperm in an unconscious patient raises 
several ethical considerations with regards to consent, religion, and the legal rights of the 
partner and child if this process leads to a live birth [72]. 


Endocrine 


There is conflicting evidence on the effect of testicular trauma on gonadal endocrine func- 
tion. Kukadia et al. followed eight patients who had normal serum hormonal profiles fol- 
lowing operative management [37]. In a seven patient case series, Lin et al. found that 
baseline follicle stimulating hormone (FSH), luteinizing hormone (LH), and post-stimula- 
tion LH were significantly increased in patients that underwent orchiectomy compared to 
patients that had testicular repair. Serum testosterone, however, was normal, regardless of 
surgical intervention [65]. Hormone replacement therapy should be considered in hypog- 
onadal patients with bilateral injuries, including bilateral testicular loss [66, 67]. 
Furthermore, symptomatic swinging temperatures in the patient with significant gonadal 
loss may be a sign of traumatic andropause and should not be mistaken for sepsis [55]. 
Secondary hypogonadism should also be considered, especially in patients with chronic 
pain or those on opiate drugs [73]. 


Psychological Impact 


Genital trauma may cause significant psychological challenges to the patient. Overwhelming 
emotions and adjusting to injuries may be a long process requiring expert behavioral health 
input [74]. Following orchiectomy, patients may experience feelings of loss and uneasiness 
or shame. Testicular prosthesis has been shown to improve the extent of psychological 
trauma in cancer patients [75]. 
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Testicular amputation may be intentional in certain cases as a result of bizarre autoerotic 
acts or as an attempt by transgender persons to adjust their body to their gender iden- 
tity [76]. The majority of genital self-mutilation cases are due to psychosis (65%) and re- 
attempts are reported in about one-third of patients [77]. Early psychiatric input is therefore 
important in such cases. 


Conclusions 


Scrotal and testicular trauma forms a diverse group of injuries, usually affecting the young 
population. Evaluation should include history and careful examination. Ultrasonography 
is the diagnostic investigation of choice in blunt trauma. Penetrating scrotal injury, pres- 
ence of a large or expanding hematocele, or suspicion of testicular rupture should always 
prompt immediate surgical exploration, debridement, and repair. Orchiectomy should only 
be considered if reconstruction cannot be achieved. A holistic management approach to 
scrotal trauma should take into consideration the potential for infection, fertility, hypog- 
onadism, and psychological effects. 
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Introduction 


Testicular torsion is a surgical emergency that occurs primarily in childhood and adoles- 
cence, but must be suspected in males of all ages. Patients classically present with signs of 
an acute scrotum. Symptoms include scrotal, groin, or abdominal pain, nausea or vomiting, 
and physical examination findings of scrotal swelling or erythema. Among several poten- 
tial causes of the acute scrotum, it is critical to distinguish and promptly evaluate patients 
at risk for acute torsion of the testis and spermatic cord. Testicular torsion remains primar- 
ily a clinical diagnosis based upon history and examination, with color Doppler ultrasound 
(CDUS) used to support clinical suspicion, providing that it will not otherwise delay surgi- 
cal management. Urologists can offer definitive treatment with urgent or emergent surgi- 
cal exploration of the scrotum. With timely intervention, organ salvage is feasible in most 
patients who present within the first several hours after symptom onset. Although long- 
term follow-up data is limited, many patients may have preserved long-term endocrine and 
reproductive function, at least in the presence of a grossly normal contralateral testis. 


Epidemiology 


Torsion of the testis is the most time-sensitive diagnosis to consider in patients presenting 
with an acute scrotum. Testicular torsion affects up to 1 in 4000 males under age 25 years [1]. 
Most patients presenting with an acute scrotum will be found to have torsion of the testicu- 
lar appendage (40-60%), with fewer demonstrating acute testicular torsion (20-30%) or 
acute epididymitis/epididymo-orchitis (5-15%). Testicular torsion has a bimodal age distri- 
bution, affecting boys around the age of puberty and those in the neonatal period. While 
adults can present with acute testicular torsion, a spontaneous event beyond age 35 years is 
rare. Patients with torsion of the testicular appendage usually present at a younger age 
(7-12years), but they can develop symptoms at any age. Epididymitis can occur in patients 
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of all ages, with noninfectious etiologies predominating in younger children and infectious 
causes underlying most cases in adolescence and adulthood. 

Up to 10% of patients presenting with testicular torsion have an identifiable family his- 
tory of torsion, suggesting a potential heritable component to patients’ risk [2]. In addition, 
patients with an undescended testis may have up to a ten-fold increased risk of developing 
a torsion event in their lifetime [3]. 


Pathophysiology 


Torsion of the testis and spermatic cord can occur in one of two anatomical spaces: intra- 
vaginal or extravaginal. Intravaginal torsion is the more common event and occurs after the 
newborn time period. Intravaginal torsion can affect either testis with a slight left-sided 
predominance (52 vs. 48%), and simultaneous bilateral events can also rarely occur [4]. 
Most patients who develop intravaginal torsion have an associated anatomical anomaly of 
the relationship between the tunica vaginalis and the epididymis, known as a bell clapper 
deformity (Figure 16.1). In most males, the potential space between visceral and parietal 
layers of the tunica vaginalis terminates on the inferior margin of the epididymis. With a 
bell clapper deformity, the tunica vaginalis and the potential space between its layers 
extends cranially to cover the posterior surface of the epididymis. This can result in a hori- 
zontal lie to the testis as well as free rotation and twisting of the distal-most spermatic cord 
within the tunica vaginalis. A bell clapper deformity can only be diagnosed at the time of 
scrotal exploration, where it is identified by direct visual inspection. Patients with a bell 
clapper deformity seem to be at increased risk for testicular torsion, but not all cases will 
develop an acute clinical event. Up to 12% of routinely examined testes in one autopsy 


Figure 16.1 Bell clapper deformity 
with a horizontal testis lie. Source: 
courtesy of Dana A. Weiss, MD. 
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series had a bell clapper deformity, suggesting that many patients may have this anatomical 
anomaly but will never have an episode of torsion [5]. 

Extravaginal torsion is seen in the neonatal period, with most events occurring before 
birth. Infants with prenatal torsion present with examination findings at birth, while those 
with a neonatal event have an initial normal scrotal examination followed by new changes 
within the first one to two months of life. Torsion events occur when the spermatic cord 
develops a twist before the tunica vaginalis can become fixed to surrounding dartos. The 
twist in the spermatic cord usually occurs more proximally than with intravaginal torsion, 
yielding a rotation of all cord structures outside the space of the tunica vaginalis. Children 
of multiparous mothers and those with large birth weight may be at an increased risk of 
extravaginal torsion, with up to 60% of cases in one series developing in newborns above 
the 90th percentile weight at birth [6]. Most perinatal torsion events are extravaginal, but 
intravaginal torsion can also occur in this period. 

Episodes of testicular torsion are treated as surgical emergencies because the torsion 
event presents a risk of ischemic organ loss. Damage to the Sertoli and germ cells early in 
an ischemic episode may impact future fertility, and loss of testosterone-producing Leydig 
cells can affect hormonal function and development. In animal models of torsion/ischemia, 
there is significant injury to germ cells and Sertoli cells by four hours of complete ischemia, 
with no evidence of spermatogenesis after six hours [7]. Leydig cell loss also begins at 
around four hours, with all Leydig cell function in the testis lost by ten hours of ischemia. 

There is some evidence that the function of the untwisted contralateral testis is abnormal 
long-term in patients with a history of acute testicular torsion. This includes borderline or 
abnormal parameters on hormone assays and semen analyses, although such abnormali- 
ties have not consistently borne out to significant differences in overall testosterone pro- 
duction or fertility potential [8, 9]. While some authors hypothesize that either an 
immunological- or sympathetic-induced ischemic event leads to post-torsion injury of the 
contralateral testis, the abnormalities seen might actually reflect a preexisting anomaly of 
the “normal” testis. Testicular torsion may be one manifestation of a congenital testicular 
dysplasia, which also results in subtle changes in testicular function independent of torsion 
events [10]. 


Presentation 


The differential diagnosis of the acute scrotum is broad, with the many causes to consider 
summarized in Table 16.1. Most symptoms and examination findings are nonspecific and 
can occur with several underlying causes, but the presence of some findings will raise the 
index of suspicion for an acute torsion event. 

Several elements of a patient’s history and symptoms will help providers to organize their 
differential diagnosis. Characterizing the time course and nature of scrotal or abdominal 
pain is critical during the emergency evaluation. Patients with testicular torsion will classi- 
cally describe the sudden onset of severe scrotal pain, sometimes waking them up from sleep. 
This rapid onset of severe pain usually prompts patients to present to a healthcare provider 
for evaluation early (within 12 hours). In contrast, the gradual onset and worsening of pain 
over hours or days is more suggestive of acute epididymitis [12]. Torsion can be missed in 


Presentation 


Table 16.1 Differential diagnosis of the acute 
scrotum. 


Testicular/spermatic cord torsion 
Torsion of the testicular appendage 
Acute epididymitis/epididymo-orchitis 
Scrotal trauma or hematoma 
Incarcerated inguinal hernia 

Ureteral calculi 


Systemic diseases with scrotal involvement 
(Henoch-Schonlein purpura) 


Intra-abdominal pathology with scrotal 
extension 


(Perforated appendicitis or peritonitis) [11] 
Varicocele 

Testicular tumors 

Scrotal cellulitis 

Scrotal fat necrosis 


Idiopathic 


patients who present primarily with abdominal pain and nausea, so it is critical that provid- 
ers include scrotal examination as a routine component of their evaluation of abdominal 
pain in males. Providers should suspect torsion of the testis when patients describe associ- 
ated nausea or vomiting, as these symptoms are uncommon with epididymitis [13]. These 
symptoms in the setting of testicular torsion may be related to reflex stimulation of the celiac 
ganglion. Dysuria and fevers are uncommon findings with testicular torsion. 

Physical examination findings often help to distinguish torsion from other causes of 
acute scrotal pain. Tenderness can be localized on examination if a patient is being seen 
within hours of symptom onset. Tenderness localized to the epididymis suggests epididymi- 
tis, while point tenderness at the upper pole of the testis suggests a torsed testicular append- 
age. Exquisite tenderness throughout the testis will occur early in a torsion event. With 
delayed presentations, the entire scrotum may be tender, or pain may have even started to 
subside. During an acute torsion event, the testis may be palpable with an abnormal hori- 
zontal lie and may be riding high in the scrotum. Scrotal erythema and edema are nonspe- 
cific findings, but these can also occur with delayed presentations of testicular torsion. 

Several classic signs have been described in the evaluation of the acute scrotum. Providers 
may be able to identify the classic blue dot sign of a torsed testicular appendage, where a 
small area of cyanosis is visible through the skin of the scrotum at the anterior upper mar- 
gin of the testis. However, this finding is apparent in less than one-quarter of patients with 
a torsed testicular appendage [14]. The cremasteric reflex arc involves the major branches of 
the genitofemoral nerve. Stroking the medial thigh (stimulation of the sensory femoral 
branch) normally causes contraction of the cremaster muscle and elevation of the ipsilat- 
eral testis (activation of the motor genital branch). The cremasteric reflex is absent in most 
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cases of testicular torsion (due to ischemia of the cremaster), although the reflex may be 
falsely normal in up to 10% of cases [15, 16]. Clinicians should evaluate for the presence or 
absence of the cremasteric reflex bilaterally, since findings on the unaffected side will help 
with the interpretation of findings on the side of concern. Prehn’s sign is also described to 
distinguish testicular torsion from epididymitis, although its utility in practice is limited. 
The testis of concern is elevated by the examiner’s hand, and the patient is asked to describe 
changes in the severity of their pain. A positive Prehn’s sign occurs when elevating the 
testis causes increased pain, and is suggestive of testicular torsion; a negative sign indicates 
improvement in pain with this maneuver, suggesting acute epididymitis. 

Perinatal extravaginal torsion usually presents at birth with a firm, swollen, nontender 
affected testis. Existing findings at birth are thought to suggest a prenatal ischemic event. 
Synchronous bilateral perinatal torsion can occur in up to 22% of patients, and the affected 
contralateral testis may appear normal on bedside examination [17]. Metachronous bilat- 
eral torsion is a rare event. 

Intermittent testicular torsion and torsion-detorsion events deserve unique mention, as 
it is important for providers to consider these diagnoses in patients with recurrent scrotal 
pain. This is thought to occur when patients have repeated episodes of acute torsion with 
spontaneous untwisting of the spermatic cord. Patients will describe several episodes of 
classic testicular torsion symptoms, with prompt and spontaneous resolution. Torsion- 
detorsion events can last for three to four hours at a time, and examination may demon- 
strate evidence of resolving torsion. Such findings may include scrotal swelling, a boggy 
spermatic cord, or a pseudo-mass palpable within the cord (reflecting a congested 
epididymis and distal spermatic cord just below the level of cord twisting) [18]. Patients 
with true torsion-detorsion events may be at increased risk for recurrent twisting or may 
still have limited partial cord twisting that could progress, so these patients should be taken 
urgently or electively for scrotal exploration. Intermittent testicular torsion is a diagnosis of 
exclusion, with episodes often lasting 30-60minutes usually in the absence of physical 
findings (since the episodes may be too short for edema or other sequelae of ischemia to 
develop). The affected testis will usually have a normal vertical lie in the scrotum [19]. 
Excluding other etiologies of episodic pain is important in these cases. While patients with 
a history suggesting intermittent testicular torsion do not require emergency surgery, they 
should be offered timely elective exploration. Observation alone places these patients at 
risk of an acute torsion event that could compromise the affected testis, while elective 
intervention may achieve organ preservation and prevent further episodes of distressing 
symptoms. At the time of surgical exploration, most patients with suspected intermittent 
torsion will be found to have a bell clapper deformity [19]. 


Diagnostic Evaluation 


In addition to history and physical examination, evaluation of a patient with an acute 
scrotum should include a urinalysis with reflex urine culture. Pyuria is an uncommon 
finding with testicular torsion and may suggest an inflammatory or infectious cause for a 
patient’s symptoms. Radiologic studies serve a supportive role in evaluating cases for 
testicular torsion, with CDUS used most commonly. Ultrasound is useful in cases with low 


Diagnostic Evaluation 


or intermediate suspicion for acute testicular torsion, or in concerning cases where 
sonographic evaluation can occur rapidly. 

Clinical scoring tools may help to risk stratify patients for potential underlying testicular 
torsion based upon their presenting symptoms and findings on physical examination [16, 
20]. This may aid with determining when to order a radiologic study in intermediate-risk 
patients or those presenting in a delayed manner (>24hours). The Testicular Workup for 
Ischemia and Suspected Torsion (TWIST) score is a simple and useful measure that has 
been validated in children age 3 months to 18 years. A score is calculated by adding points 
for each of the following findings: a history of nausea/vomiting, scrotal swelling, a high- 
riding testis, absent cremasteric reflex, and a hard/firm testis. Scores are divided into low, 
intermediate, and high risk, which can guide providers on when to order an ultrasound or 
pursue upfront surgical consultation [21]. The use of clinical scoring tools in conjunction 
with CDUS may avoid a negative surgical exploration in half of patients presenting with an 
acute scrotum, with no episodes of missed testicular torsion [12, 20]. 

Ultrasound is a widely available tool in many settings and serves an important role in 
evaluating patients with an acute scrotum. However, providers should approach testicular 
torsion as a clinical diagnosis based upon history and examination. CDUS is useful in inde- 
terminate cases or to avoid unnecessary surgical exploration in higher risk cases, but only 
if it will not delay timely surgical intervention [22]. Ultrasound demonstrates high positive 
and negative predictive values when evaluating for torsion, and timely use of sonography 
may help to clarify the diagnosis in indeterminate or intermediate risk cases [23-25]. In 
addition, ultrasound is a useful aid in the diagnosis of other etiologies of acute scrotal pain, 
including testis or scrotal tumors, trauma, and epididymo-orchitis. Ultrasound should be 
performed using a unit capable of color Doppler or power Doppler imaging, using a 
4-15 MHz range linear transducer if available [26]. The study should include images of the 
scrotum on the affected and contralateral sides, as well as dedicated imaging of the ingui- 
nal region. Sonographic findings that suggest acute testicular torsion may include dimin- 
ished or absent Doppler signal or waveforms in an affected testis (Figure 16.2), a thickened 
spermatic cord, or a whirlpool sign [27]. The whirlpool sign is a twist in the spermatic cord 
that is usually visible at or near the level of the external inguinal ring, and is highly sensi- 
tive for testicular torsion. When comparing the Doppler waveform between the affected 
and contralateral testis, providers may note an increase or decrease in Doppler signal 
amplitude or reversal of diastolic flow [28]. It is critical for providers to recognize that the 
presence of any Doppler signal does not indicate normal perfusion, and that they should 
evaluate for symmetrical arterial waveforms measured from vessels within the paren- 
chyma on the affected and contralateral testes. The testicular parenchyma may appear 
hypoechoic (early ischemic change) or heterogeneous (late ischemia/delayed presentation, 
Figure 16.3) relative to the contralateral testis [29, 30]. Heterogeneous parenchyma may 
indicate a nonviable or severely damaged testis, which could require removal or be at high 
risk of delayed atrophy with surgical salvage [31, 32]. If available, use of a high-resolution 
10-20MHz probe may significantly improve the ability to identify or rule out testicular 
torsion on ultrasound [33]. 

Nuclear scintigraphy was previously utilized, but has mainly a historical role due to the 
study’s inherent radiation exposure and the widespread availability of ultrasound. Magnetic 
resonance imaging (MRI) with dynamic contrast enhanced and T2 weighted image (T2) 
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Figure 16.2 Color Doppler 
ultrasound of a patient with 
testicular torsion of short 
duration, showing flow signal 
in the right testis (RT) with 
absent signal in the left testis 
(LT). Source: courtesy of Dana 
A. Weiss, MD. 


Figure 16.3 Ultrasound of a 
patient with prolonged torsion, 
showing heterogeneous 
parenchyma in the left testis 
(LT) and normal echotexture 
within the right testis (RT). 
Source: courtesy of Dana 

A. Weiss, MD. 


sequences may have a limited role in indeterminate cases or to predict nonviable testes, 
although its use is not standard due to the significant cost and time required [34]. 


Management 


The mainstay of treatment for acute testicular torsion and intermittent testicular torsion 
remains surgical exploration of the scrotum (Table 16.2). This allows assessment of viabil- 
ity of the affected and contralateral testes, with definitive treatment via detorsion and 
fixation of a viable testis (an orchidopexy or septopexy) or removal of a grossly unsalvage- 
able organ. In contrast, torsion of a testicular appendage is managed conservatively, with 
surgical exploration considered if the diagnosis is in question or if patients have pro- 
longed persistent pain [22]. 


Management 


Table 16.2 European Association of Urology summary of evidence and recommendations for the 
management of acute scrotum in children [22]. 


Summary of Evidence Level of Evidence 


Diagnosis of testicular torsion is based on presentation and physical exam. 


Doppler ultrasound (US) is an effective imaging tool to evaluate acute 2a 
scrotum and comparable to scintigraphy and dynamic contrast-enhanced 
subtraction MRI. 
Neonates with acute scrotum should be treated as surgical emergencies. 3 
Level of 
Recommendations Evidence Strength Rating 
Testicular torsion is a pediatric urological emergency and 3 Strong 


requires immediate treatment. 


In neonates with testicular torsion, perform orchidooexy of the 3 Weak 
contralateral testicle. In prenatal torsion, the timing of surgery 
is usually dictated by clinical findings. 


Base the clinical decision on physical examination. The use of 2a Strong 
Doppler ultrasound to evaluate acute scrotum is useful, but this 
should not delay the intervention. 


Manage torsion of the appendix testis conservatively. Perform 3 Strong 
surgical exploration in equivocal cases and in patients with 
persistent pain. 


Perform urgent surgical exploration in all cases of testicular 3 Strong 
torsion within 24 hours of symptom onset. In prenatal torsion, 
the timing of surgery is usually dictated by clinical findings. 


Surgical exploration in an emergent fashion should be offered to all patients with suspi- 
cion of testicular torsion presenting within 24hours of symptom onset [22]. With rare 
exceptions, children and older patients presenting in a delayed fashion (>24 hours) should 
also be offered emergent surgical intervention; some patients with prolonged torsion may 
have had intermittent torsion-detorsion events that transiently restore perfusion and allow 
salvage of a viable testis, even beyond a 24-hour window. A bilateral scrotal exploration is 
a rapid and well tolerated intervention with limited morbidity. Surgery is usually performed 
under general anesthesia, with patients placed in a supine or frog-legged position. Both 
scrotal compartments can be entered according to surgeon preference, using either bilat- 
eral transverse incisions in the anterior scrotum or a longitudinal incision along the mid- 
line scrotal raphe. Surgeons should focus on exposing and evaluating the testis of concern 
first, allowing rapid detorsion and a period of observed reperfusion while the contralateral 
testis is subsequently delivered (Figure 16.4). Once the affected testis is delivered, its tunica 
vaginalis is opened sharply and the testis evaluated, noting its color, degree of cord rota- 
tion, and the anatomy of the tunica vaginalis, with specific attention to identifying a poten- 
tial bell clapper deformity. The spermatic cord is untwisted to normal position, then the 
testis is wrapped in saline-soaked gauze for a period of at least five minutes. The contralat- 
eral testis is then exposed, its tunica vaginalis incised, and the testis evaluated in the same 
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Figure 16.4 A torsed 
spermatic cord found on early 
surgical intervention. Source: 
courtesy of Dana A. Weiss, MD. 


manner. Once normal position of the contralateral testis is confirmed, a surgical fixation to 
the scrotum can be performed by placing two or three pexy stitches with a fine nonabsorb- 
able monofilament suture through the tunica albuginea of the testis and adjacent sur- 
rounding dartos. This is performed in order to restrict future rotational freedom of the 
testis and to prevent subsequent torsion events. Attention then returns to the affected testis, 
and its color is re-evaluated to determine if re-perfusion has demonstrated a return to via- 
ble pink parenchyma. If the testis demonstrates improvement in color to suggest viability 
with restored perfusion, it is pexied in the same manner as the contralateral side. If the 
testis remains cyanotic or hemorrhagic in appearance, it may be nonviable and orchiec- 
tomy may be considered (Figure 16.5). 

A small but growing body of literature suggests that some testes may be lost following 
surgical detorsion due to a testicular compartment syndrome [35]. According to this theory, 
the fixed volume of the tunica albuginea cannot accommodate parenchymal edema and 
expansion following a period of prolonged ischemia and re-perfusion, and edema following 
post-detorsion restoration of flow results in an increased intraparenchymal pressure that 
impairs further re-perfusion. In cases where a testis remains cyanotic or hemorrhagic intra- 
operatively, surgeons may consider incising the tunica albuginea to determine whether a 
compartment release results in signs of re-perfusion with improvement in parenchymal 
color. If improvement is seen, a segment of tunica vaginalis can be isolated and sutured to 
the tunica albuginea as a pliable flap that covers the tunical defect, while allowing transient 
parenchymal expansion at lower pressures. Animal studies have suggested tunica albug- 
inea incision with a tunica vaginalis flap may preserve functional cell groups within the 
testis, and in clinical cohorts this maneuver has markedly improved testis salvage rates in 
patients presenting with symptom duration of up to or even beyond 24 hours [36-39]. 

Testis salvage rates vary widely, with 30-70% being preserved in most studies. The two 
most important determinants of testis salvage are time from symptom onset to surgery and 
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Figure 16.5 A cyanotic testis with 
hemorrhagic change to the epididymis 
found at surgical exploration after 
delayed presentation. Source: courtesy 
of Dana A. Weiss, MD. 


Table 16.3 Relationship between time, testis salvage, and testis atrophy.’ 


Time from Symptom Likelihood of Testis Risk of Testis Atrophy 
Onset (hours) Salvage (%) after Salvage (%) 
0-6 95 0-5 
7-12 80 5-10 
13-18 60 
40-45 
19-24 45 
25-48 20 
80 
>48 5-10 


"Drawn from Ref. [40]. 


the degree of cord rotation found at surgery. Among patients who undergo surgical detor- 
sion early (within 12hours of symptom onset), over 90% will not require orchiectomy 
(Table 16.3) [32]. In contrast, at least half presenting within 12-24 hours of symptoms may 
require orchiectomy, and a majority presenting beyond 24 hours will require removal of a 
nonviable testis. Twisting of the cord beyond 360° can result in severe damage in as little as 
4hours, while patients with incomplete torsion (< 360°) may have a viable testis 12 or more 
hours after symptom onset. The duration of in-hospital pre-operative care is another critical 
component of the time from symptom onset, and the “door to OR” time has become a meas- 
ure of healthcare quality for pediatric centers in the United States [41]. While the measured 
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target from emergency room triage to surgical intervention is less than 240 minutes, it 
stands to reason that more rapid evaluation and intervention, even within this window, is 
of significant benefit to patients with concern for testicular torsion. 

Pre-operative interventions that may improve the viability of the testis at surgical explo- 
ration are also of great interest. Manual detorsion has some evidence to support its use 
pre-operatively to improve post-operative outcomes, but as with ultrasound, it should not 
be used in a manner that delays definitive surgical treatment. This is a bedside maneuver 
that involves externally rotating the affected testis (outward, toward the anterior ipsilateral 
thigh) as long as there is no resistance to rotation or an acute increase in pain following 
rotation. This lateral rotation is based upon the predominantly medial twisting of the cord 
found in cases of acute torsion [4]. The maneuver is performed for one or one-and-a-half 
full rotations (360-540°), and a successful detorsion is defined by the immediate relief of all 
symptoms with a normal subsequent scrotal examination. CDUS is a useful tool to confirm 
the restoration of normal blood flow to the testis with manual detorsion [42]. This maneu- 
ver may successfully relieve acute ischemia by untwisting the spermatic cord in 60-95% of 
cases [4, 43, 44]. Even in cases of successful manual detorsion, the standard of care is to 
proceed with urgent or emergent scrotal exploration. 

There may also be a role for external cooling of the testis and scrotum leading up to surgi- 
cal exploration. This could limit ischemia—reperfusion injury to the testis itself, improving 
long-term function. Use of external cooling in an animal model demonstrated improved 
viability of testicular cell groups after a torsion/ischemia event [45, 46]. Further evaluation 
of this promising adjunctive treatment is needed in clinical cohorts, but it may be a low- 
risk option to consider while patients are being prepared for surgery. 

Surgical decision-making is approached in a different manner to cases of extravaginal 
torsion. The rate of testis salvage in patients presenting with evidence of prenatal torsion is 
low, so surgical intervention is intended to prevent subsequent torsion of the remaining 
viable testis. This has generated controversy regarding the urgency of surgical management 
for prenatal torsion events. Although some surgeons advocate delayed surgical exploration 
to limit the risk of general anesthesia in the neonatal period, most proceed with urgent 
exploration to protect against the rare but devastating event of a later contralateral torsion. 
If a neonate has a clear postnatal case (normal newborn examination, subsequent develop- 
ment of abnormal scrotal findings), emergent surgical intervention including contralateral 
testis exploration and fixation is indicated. Some surgeons advocate an inguinal approach 
when exploring the affected testis in all cases of extravaginal torsion; this allows adequate 
exposure of even very proximal twists in the spermatic cord, and ensures the surgeon can 
manage any unexpected findings such as an inguinal hernia at exploration [47]. 


Outcomes 


While many questions remain, providers can give patients some information on long-term 
outcomes after fixation or removal of a torsed testis. Historical cohorts suggest that up to 1 
in 20 patients may develop a recurrent torsion event in a pexied testis, but the vast majority 
of recurrences occurred after the use of absorbable suture [48]. Recurrent torsion after use 
of nonabsorbable pexy sutures is thought to be very rare. 
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Permanent atrophy of an affected testis after detorsion may occur. While patients who 
present in a delayed fashion are at high risk of atrophy in salvaged testes, even patients 
whose testes appeared viable intra-operatively may have long-term atrophy [4, 31, 49]. 
Atrophy is usually evident in the short- to intermediate term, with most cases identified on 
follow-up examination by six months post-operatively. Some factors identified at the time 
of emergency evaluation may predict a patient’s risk of long-term atrophy, including a 
duration of pain greater than 12hours at presentation, heterogeneous testicular paren- 
chyma on pre-operative ultrasound, and black or hemorrhagic testicular parenchyma on 
intra-operative evaluation [50]. It is unclear whether patients benefit more from aggressive 
attempts to preserve a testis at high risk for atrophy or a lower threshold to remove a bor- 
derline organ at the time of urgent scrotal exploration. 

Although there is some evidence to suggest a potential for impaired fertility after tor- 
sion, the studied parameters do not appear to correlate with clinical subfertility or infer- 
tility in this patient population [8, 9, 51]. Paternity rates among patients who underwent 
orchidopexy or required orchiectomy for testicular torsion appear to be comparable to 
those observed in the general population [52, 53]. While patients may demonstrate 
abnormal levels of hormonal markers such as luteinizing hormone (LH), total serum 
testosterone appears to be comparable to the general population, at least into early adult- 
hood [9]. There is little information regarding endocrine and fertility function later in 
life, and it is possible that preserved function is more fragile with advancing age in 
patients with a prior torsion event. Data is very limited, but it does not appear that a his- 
tory of torsion correlates with clinically significant differences in sexual or erectile func- 
tion long-term [53]. 


Conclusions and Future Directions 


The acute scrotum is approached as an emergency, and current guidelines support prompt 
surgical exploration in patients whose history and physical examination strongly suggest 
acute testicular torsion. Ultrasound may identify other causes in some intermediate- or 
high-risk patients and spare them surgical exploration, but radiologic studies should not 
be used if clinical suspicion is high and performing such studies would delay surgical 
management. With early patient presentation (especially within 12hours of symptom 
onset) and timely intervention, most testes can be salvaged. Additional investigation 
focusing on pre-operative and intra-operative maneuvers to improve testis salvage may 
benefit future patients. Long-term fertility and testosterone production are likely normal 
or nearly normal at least into early adulthood, but we also do not yet know whether 
patients with a history of torsion are at a higher risk for hypogonadism or infertility in 
late adulthood. 
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Introduction 


Epididymitis and orchitis refer to inflammation of the epididymis and testicles, respec- 
tively. We can classify these inflammatory processes as acute, subacute, or chronic, based 
on symptom duration. Acute epididymitis refers to symptoms that have been present for up 
to five weeks and generally involves scrotal pain and swelling. Chronic epididymitis, in 
contrast, is generally characterized by pain without notable inflammation, with symptoms 
persisting for over three months. Differentiation of the acute and chronic phases is critical 
to appropriate diagnosis, treatment, and resolution of these urological problems. 


Anatomy and Physiology 


The epididymis is an oblong organ situated above the posterolateral surface of the testis. 
The internal structure consists of a 3-4-m long tube folded into a tight coil, so that the 
organ’s effective length is 5cm [1]. The epididymis is covered by the tunica vaginalis, which 
extends within the interductal spaces to form anatomically and functionally distinct regions 
commonly referred to as the head, body, and tail. 

Histologically, the epididymis is largely composed of two cell types: main cells and basal 
cells. Main cells have secretory and absorptive functions and vary in height across the 
length of the epididymis, due to the variable lengths of their stereocilia. Basal cells are 
derived from macrophages and are found in much lower quantities, dispersed mainly 
throughout the epithelium [2, 3]. 

Outside the basal lamina of the epididymal tubes, various contractile cells facilitate 
sperm transport. The spermatozoa mature as they travel the length of the epididymis and 
make contact with the fluids and secretions found in the epididymal lumen [4]. 

The three main functions of the epididymis - maturation, transport, and storage of 
spermatozoa - are controlled by neurological, hormonal, and thermal factors [5]. 
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Pathophysiology 


Neurological control regulates the peristaltic progression of spermatozoa through the 
epididymal lumen. In terms of hormonal regulation, testosterone concentrations within 
the interstitial compartment of the epididymis are significantly higher than in the serum. 
Another hormone, dihydrotestosterone (DHT), is responsible for maintaining the struc- 
ture of the epididymis, as well as functions associated with sperm maturation and storage. 
As with testosterone, the epididymis shows high DHT levels, attributable to high levels of 
5 alpha-reductase expression [6]. Finally, gamete storage and electrolyte transport processes 
occurring inside the scrotum require a temperature 2-3 °C lower than that of the organism. 
As a result, increased scrotal temperatures alter epididymal function, potentially compro- 
mising the quantity of ejaculated spermatozoa and affecting fertility, as occurs in patients 
with varicoceles or cryptorchidism [7]. 


Epidemiology 


A variety of inflammatory conditions may affect the epididymis. The most frequent prob- 
lems include bacterial, viral, and fungal infections, as well as idiopathic and non-infectious 
diseases. Acute epididymitis is characterized by epididymal inflammation resulting in pain 
and swelling. The evolution time is short (three to five days), and the condition is typically 
unilateral. Prevalence is unknown, and the age range for epididymitis episodes is variable. 

Epididymitis is the most common urological diagnosis among men aged 18 to 50 years [8]. 
Approximately 600000 new epididymitis cases are reported per year in the United States, 
the majority in men aged 18-35 years [9]. 

A Canadian study evaluated the prevalence, diagnostic patterns, and typical manage- 
ment of patients with epididymitis seeking outpatient urological treatment from April- 
July 2004. Participating urologists were selected randomly from the urological associations 
of Canada and Quebec. Among the 6037 men evaluated, prevalence was 0.9% (n = 57). In 
80% of these cases, the inflammation was classified as chronic (duration longer than three 
months) [10]. 

A review of 121 epididymitis patients treated on an outpatient basis showed that there 
was a bimodal distribution, with incidence peaks at 16-30 and 51-70years of age [11]. 

Epididymitis is more common than orchitis. Orchitis is an inflammatory reaction of the 
testis, which usually occurs secondary to an infection. Most cases of orchitis are associated 
with a viral mumps infection. However, other bacteria and viruses can also cause orchitis. 
When epididymitis and orchitis coexist, orchitis results from the spread of epididymis 
inflammation to the adjacent testis [12]. 

One study reported that orchitis was also found in 58% of men diagnosed with epididymi- 
tis [11]. Isolated orchitis is rare and is generally associated with mumps in prepubescent boys. 


Pathophysiology 


The underlying pathophysiology of epididymitis is not clearly established; however, a 
leading hypothesis attributes the etiology to retrograde flow of infected urine toward the 
ejaculatory ducts. 
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H6ppner et al. evaluated the records of 1031 patients with acute epididymitis treated from 
1979 to 1989, of which 270 (26%) were managed surgically. Of all surgical interventions, 80% 
were performed for therapeutic purposes and the remaining 20% for diagnostic purposes, to 
rule out testicular torsion or tumor. These latter patients would now be diagnosed with ultra- 
sonography. The authors reported that the most common underlying cause of epididymitis 
among the patients managed surgically was lower urinary tract obstruction [13]. 

This hypothesis is also supported by results from animal models. Inoculating bacterial 
pathogens such as Escherichia coli or Chlamydia trachomatis into the vas deferens pro- 
duces epididymitis, with a clinical picture, both clinically and microbiologically identical 
to that found in humans [14, 15]. 

Tubercular involvement of the genitourinary organs is almost always secondary to pulmo- 
nary infection. This subclinical pulmonary infection leads to bacillemia and hematogenous 
implantation of the tuberculosis bacilli in the kidneys, epididymis, and the prostate [16]. 


Infectious Epididymitis 


Acute infectious epididymitis is generally due to propagation of an infectious agent from 
the bladder, urethra, or prostate through the ejaculatory ducts and vas deferens into the 
epididymis. Although about 80% of epididymitis cases are of presumed infectious etiology, 
the underlying bacterial agent is identified in only 25% of cases [17]. These data come from 
large epidemiological studies of patients with clinical signs of epididymitis. Patients under- 
going urinary tract instrumentation are at elevated risk for epididymitis, supporting the 
hypothesis that from a physio-pathological point of view, a backflow of infected urine 
toward the vas deferens is responsible for the infection. Moreover, patients with a urinary 
tract infection at the time of instrumentation are at even greater risk of epididymitis, and 
50% of patients with infectious epididymitis have undergone intermittent catheterization. 
Among patients younger than 35years, C. trachomatis is thought to be the main agent 
responsible for infectious epididymitis; however, in about 90% of cases, it is not possible to 
confirm the presence of the bacteria with PCR [18]. 

In men older than 35 years, the etiological agents that most typically affect the epididymis 
are coliform bacteria, of which E. coli is the most commonly identified. Other agents have also 
been implicated in sporadic epididymitis, such as Ureaplasma urealitycum, Corynebacterium 
sp., Mycoplasma sp., and Mima polymorpha [19]. 

Among children, most epididymitis cases are of viral origin. A study comparing serum 
viral levels and cultures in patients with and without an epididymitis diagnosis found that 
antibody titers were significantly higher among those with a history of infection. Infection 
with mumps has been practically eradicated thanks to the vaccine that was introduced in 
the United States in 1985 [20]. 

Chronic epididymal infections are associated with diseases that produce a granuloma- 
tous reaction in the parenchyma, the most common of whichis infection with Mycobacterium 
tuberculosis. Although there is typically concomitant renal compromise accompanying this 
epididymal infection, dissemination is thought to occur through the hematogenous route 
rather than via the urinary tract. Up to 25% of patients have bilateral epididymis, with 
echographic findings of hyperemic epididymis, involving greater inflammation and 


Non-infectious Epididymitis 


multiple cysts and calcifications. Tuberculous epididymitis should be suspected in patients 
with a history of exposure to tuberculosis, as well as in those whose clinical symptoms do 
not improve with antibiotics [21]. 

About 10% of patients with brucellosis develop epididymitis secondary to the presence of 
this gram-negative coccobacillus. Infection with Brucella occurs via direct contact with 
infected animals or consumption of unpasteurized milk. In the United States, the states 
with the highest numbers of cases are California and Texas, due to their proximity to 
Mexico [22]. The clinical presentation of epididymitis due to Brucella is generally similar 
to that associated with other infectious agents; however, an ultrasound finding of septated 
hydrocele is more common with this diagnosis [23]. Diagnosis is based on clinical history 
and subsequent confirmation with a blood test. 

Funiculoepididymitis is a rare cause of epididymitis in the United States, attributable to 
lymphatic compromise due to filarial infection. About 90% of cases of human lymphatic 
filariasis are caused by Wuchereria bancrofti. The disease typically occurs in patients under 
40 years of age. The most common findings are pain, fever, chills, spermatic cord swelling, 
hydrocele, and leukocytosis with or without eosinophilia. Plain radiographs of patients 
with filariasis often reveal calcifications [24]. 


Non-infectious Epididymitis 


Unlike infectious epididymitis, thought to be attributable to a backflow of infected urine 
through the vas deferens, the mechanism behind noninfectious epididymitis (NIE) is 
less clear. 

One hypothesis is that there may be backflow of sterile urine through the vas deferens if 
the detrusor muscle is contracted when the bladder is completely full. However, less than 
10% of patients with NIE have a history of abnormal micturition force, which can produce 
urinary backflow [17, 18, 25]. Furthermore, NIE symptoms can occur after a vasectomy, in 
which case sterile urine backflow cannot the principal mechanism of disease. Years after 
vasectomy, a small number of patients present with epididymal inflammation and inter- 
mittent pain in the area. These symptoms are attributable to congestion and inflammation 
as a result of vas deferens obstruction or epididymal granuloma formation [26]. 

Sarcoidosis is a granulomatous disease characterized by small accumulations of inflam- 
matory cells in various parts of the body, especially the lungs, lymphatic ganglia, eyes, and 
skin. It occurs most frequently among African Americans and involves the genitourinary 
system in 5% of cases. Urological signs may include granulomas in the epididymis, testicles, 
and vas deferens. Typically, there is a progressive growth of the epididymis, occurring bilat- 
erally in 30% of cases [27]. Echographic findings are variable, generally identifying a hetero- 
geneous growth that may involve multiple nodules. These growths may lead to azoospermia 
in some cases, and therefore a seminogram should be included in the work-up for patients 
who plan to have children or who are undergoing surgical exploration [28]. In men with 
oligospermia, cryopreservation should be offered. The main treatment is corticosteroid 
therapy, which ameliorates both the pain and the inflammation. In cases for which medical 
management is not possible, or when response to corticosteroid therapy is poor, surgical 
management and epididymal extraction may be considered. 
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Behcet’s syndrome is an autoimmune disease of unknown cause affecting the blood 
vessels (vasculitis). The disease presents with myriad signs and symptoms including mouth 
and genital sores, uveitis, and epididymitis [29]. In this latter case, patients are prone to 
concomitant genital ulcers, skin lesions, and arthritis. Treatment is empirical, typically 
consisting of topical or oral corticosteroids to relieve symptoms. 

Chronic use of certain drugs such as amiodarone may cause epididymitis [30]. High 
concentrations of the drug accumulate in the epididymis, with levels up to 300 times higher 
than the target serum level, leading to formation of anti-amiodarone antibodies that pro- 
duce epididymal inflammation and pain. Epididymitis incidence is directly related to dos- 
age, and up to 11% of treated patients with high doses of this medication develop epididymal 
inflammation. In these cases, the recommendation is to discontinue the drug or reduce the 
dosage [31]. 

Schénlein—Henoch purpura is an autoimmune disease of unknown origin. The disease is 
a type of leukocytoclastic vasculitis characterized by inflammation of small blood vessels, 
with corresponding skin manifestations. Deposits of immunoglobulin A (IgA) complexes 
form, potentially leading to acute vasculitic epididymo-orchitis, especially in children aged 
2-11 years. Echographic findings include inflammation and increased epididymal volume, 
increased blood flow, scrotal wall thickening, and sometimes hydrocele. The disease is gen- 
erally self-limiting and responds well to treatment with corticosteroids [32]. 


Chronic Epididymitis 


Chronic epididymitis is characterized by referred pain in the scrotum, testicles, or 
epididymis for at least three months. Chronic epididymitis is the reason for 80% of office 
visits among patients who seek urological treatment for genital pain [10]. Median age at 
presentation is 49years, although most patients have had symptoms for at least 5 years 
prior to diagnosis. Generally, the pain is mild to moderate and does not interfere with activ- 
ities of daily living. Patients tend to have higher numbers of sexual partners and a greater 
incidence of erectile dysfunction, musculoskeletal pain, and neurological disorders as com- 
pared to healthy controls. In evaluating these patients, it is important to rule out chronic 
prostatitis and chronic pelvic pain syndrome. 


Diagnosis 


While most diseases of the epididymis are benign, it is always necessary to take a detailed 
clinical history and perform a thorough physical exam. 

Men with acute epididymitis present with unilateral testicular pain, hydrocele, and sig- 
nificantly increased epididymal volume. In general, the increased volume begins at the 
tail of the epididymis and then propagates to the rest of the organ, potentially reaching 
the testicle. The spermatic cord is hypersensitive and in some cases notably thickened. 
Fever and other symptoms associated with lower urinary tract infections, such as frequent 
urination, urinary urgency, hematuria, and dysuria, may also be present. It is always 
important to rule out testicular torsion, which can be accomplished with a testicular 
Doppler scan. 


Treatment 


According to the United States Centers for Disease Control and Prevention (CDC), all 
patients with suspected acute epididymitis should be assessed for inflammation, evaluating 
for one of the following findings [33]: 


1) Presence of at least two white blood cells in the oil immersion field using gram staining, 
methyl blue, or gentian violet in a urethral secretion sample 

2) Positive leukocyte esterase test in a first-void urine sample 

3) Microscopic analysis of urine sediment, demonstrating the presence of 10 or more 
white blood cells per field. 


In children and adolescents who are not sexually active, and in adults over the age of 
35 years, a second-void urine sample should be obtained. The urine should be tested using 
dipstick and microscopy. A urine culture should then be performed for patients with a posi- 
tive result on either test, as well as for patients at risk for complicated urinary tract infec- 
tions, such as patients with a recent history of urinary tract instrumentation, urinary 
catheterization, or anal sex, to rule out the presence of coliform bacteria. 

In sexually active men below 35years of age, the clinician should also rule out 
C. trachomatis. In these cases, testing a urethral exudate sample using gram staining is 
recommended, in order to assess for urethritis. The definitive diagnosis should be made 
using nucleic acid amplification (PCR). 

Ultrasonography is the first-line imaging modality for evaluating a patient with sus- 
pected acute epididymo-orchitis. Over the past decade, ultrasound technology has vastly 
improved, resulting in increased sensitivity and specificity of scrotal pathology studies. 
Transducers with a power of 5-10 MHz and color Doppler scans allow for differentiation 
among a wide variety of conditions that affect scrotal composition. 

Ultrasonographic findings which are considered diagnostic of acute epididymitis include 
an enlarged epididymis with a hypoechoic, hyperechoic, or heterogeneous echotexture and 
increased blood flow (see Figure 17.1). Also, associated reactive hydrocele and scrotal wall 
thickening may be present [34]. 

The main goal of ultrasound is to rule out testicular torsion. However, it is difficult to 
differentiate a partial torsion from epididymitis, making clinical history crucial. 

A finding of decreased flow on Doppler study as compared to the contralateral testicle 
has a sensitivity of 80-90% and a specificity of nearly 100% for diagnosis of torsion. 
On the other hand, increased blood flow to the epididymis provides evidence of 
inflammation. 

Magnetic resonance imaging (MRI) allows for detailed evaluation of extra-testicular 
lesions and can be used when ultrasound alone is incapable of diagnosing an epididymal 
lesion. On a T1 weighted image (T1) sequence, both testicular and epididymal lesions have 
an intermediate intensity, while on T2 weighted image T2, they appear hyperintensive, due 
to elevated water content in the testicle. 


Treatment 


Treatment for epididymitis includes rest, scrotal suspension, analgesics, and empirical 
treatment with antibiotics if infection is suspected. Most cases can be treated on an outpa- 
tient basis; however, hospital admission is recommended in cases involving intractable 
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Figure 17.1 Ultrasonographic 
findings of acute epididymitis showing 
increased flow on color Doppler 
(above) and enlarged epididymitis 
(below) on B-mode. Source: 

courtesy of Andrés O’Brien, MD. 


pain, systemic signs (fever or leukocytosis), or other complicating medical conditions, or 
when a clear diagnosis cannot be otherwise established. 

In patients with suspected infectious etiology, empirical treatment with antibiotics should be 
initiated, even if laboratory tests cannot provide definitive results. The objective of the treatment 
is to prevent complications and transmission of organisms via sexual contact. Treatment is 
selected based on the probability of infection with chlamydia, gonorrhea, or enterobacteriaceae. 


Treatment 


Recommended Antibiotic Regimens 
For acute epididymitis likely due to sexually transmitted chlamydia or gonorrhea: 


e Single intramuscular (IM) dose of 250mg Ceftriaxone +100 mg oral Doxycycline twice 
daily for 10 days 


For acute epididymitis likely due to chlamydia, gonorrhea, or enteric organisms trans- 
mitted via insertive anal sex: 


e Single IM dose of 250mg Ceftriaxone + 500 mg oral Levofloxacin once daily for 10 days, 
or 300 mg oral Ofloxacin twice daily for 10 days 


For acute epididymitis likely due to enteric organisms: 


e 500mg oral Levofloxacin once daily for 10days, or 300mg oral Ofloxacin twice daily 
for 10days 


Additional Considerations 


For patients with confirmed acute epididymitis due to infection with C. trachomatis 
or Neisseria gonorrhea, sexual abstinence is recommended for the patient and 
his partner until both have been treated successfully and the symptoms have disap- 
peared. Screening for other sexually transmitted infections such as HIV is also 
recommended. 


Treatment of Sexual Partners 


Evaluation and treatment are recommended for the sexual partners of patients with 
C. trachomatis or N. gonorrhea infection, especially if the sexual contact occurred within 
60 days prior to symptom onset. If the last sexual contact occurred more than 60 days prior 
to symptom onset, the most recent sexual partner should be contacted. 


Allergies, Intolerance, and Adverse Reactions 


In penicillin-allergic patients, there is cross-reactivity with cephalosporins in less than 2.5% 
of cases. The risk is higher with first-generation cephalosporins and lower with second- 
and third-generation drugs. There are no studies on the efficacy of alternative regimens; 
therefore, an infectology consultation is advisable in these cases. 


Patients with HIV 


For HIV-positive patients with uncomplicated epididymitis, the recommended treatment 
regimen is identical to that used for immunocompetent patients. It is important to note 
than in these patients, other etiologic agents should be considered, including cytomegalo- 
virus (CMV), salmonella, toxoplasmosis, ureaplasma, corynebacterium, and Mycoplasma. 
Infection with fungus and various mycobacteria are also more common among HIV- 
positive versus HIV-negative patients. 
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Follow-up 


Follow-up is recommended if symptoms do not improve within 72hours of beginning 
treatment. If pain or inflammation continues after treatment is completed, a thorough 
evaluation is recommended to rule out other causes such as tumor, abscess, infarct, tuber- 
culosis, or fungal infection. 


Management of Chronic Epididymitis 


There are no randomized, placebo-controlled studies evaluating treatments for chronic 
epididymitis. Most of the available therapies are empirical, and none is effective when 
used alone. Treatments include local application of heat, nerve blocks, anti-inflammatories, 
tricyclic antidepressants, and neuroleptics. Successful treatment may involve a combina- 
tion of various therapies and drug regimens, individualized according to the patient’s 
response. 

Staggered management is recommended: for at least the first two weeks, nonsteroidal 
anti-inflammatories should be used, especially drugs that can be used for long periods, 
such as naproxen. In addition to pharmacological treatment, rest and testicular suspension 
are recommended. If symptoms continue, a tricyclic antidepressant or neuroleptic such as 
Gabapentin may be added to the regimen. 

For cases with a poor response, despite several months of treatment, a spermatic cord 
block with local anesthesia can be considered. 

Epididymectomy is reserved for cases with intractable pain. However, this treatment has 
a failure rate of up to 75% and is therefore not generally recommended. 


Complications 


Complications are more common in cases attributable to infectious versus uropathogenic 
processes. Complication rates are higher among older men, patients with bacteriuria, and 
patients with urological malformations. One study analyzed the evolution of 33 patients 
with a diagnosis of severe acute epididymitis. Most of the cases were treated on an inpa- 
tient basis, with outpatient follow-up to evaluate the incidence of complications. The 
authors found that in 39% of cases, severe complications developed, including testicular 
infarct, suppurative necrosis, and testicular atrophy [35]. 

In patients with delayed antibiotic treatment, 3-8% of patients suffer abscesses 
during the acute phase, while the rate is less than 3% among those who receive timely 
treatment [36]. 

The relationship between acute epididymitis and male subfertility is not clearly estab- 
lished. Inflammation of the testicular parenchyma leads to a deterioration and decrease of 
spermatogenesis during the acute phase of the disease. However, the incidence of infertility 
as a result of an epididymitis episode is unknown. Moreover, isolated compromise of an 
accessory sex gland has been confirmed as the source of subfertility in only 1.6% of infertile 
men [37]. 
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Conclusion 


Acute epididymitis is a common disease in the urological field. Most cases are of presumed 
infectious etiology. A clinical history and a thorough physical examination help to make a 
diagnosis and laboratory tests can confirm the etiology in some cases. Ultrasonography of 
the testes is a useful and quick test to rule out other causes of testicular pain and enlarge- 
ment, especially acute torsion. 

Patients with suspected infectious etiology should be treated with appropriate antibiotics 
and in cases of suspected sexually transmitted infection (STI), treatment of all sexual part- 
ners is required. Acute complications such as abscesses are uncommon and early treatment 
helps to avoid this complication. 
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Introduction 


Neonatal urological emergencies are uncommon in the general pediatric practice but require 
highly complex medical infrastructure and a multidisciplinary approach. The aim of this 
chapter is to describe the most common urological neonatal emergencies that require imme- 
diate or early surgical intervention by the pediatric urologist and the multidisciplinary team. 
The majority of these conditions are detected on routine antenatal ultrasound. Once identi- 
fied, patients and their mothers should be referred to a specialized center for delivery, as most 
of these conditions require specific evaluations and treatments, which in the hands of trained 
multidisciplinary teams improve prognosis and reduce the risk of permanent disability [1]. 


Posterior Urethral Valves (PUV) 


Posterior rethral valves (PUV) is a condition that is usually detected by ultrasound in the 
prenatal period with a prevalence of 1.4 per 10000 newborns [2, 3]. It is caused by the 
abnormal presence of valves at the prostatic urethra that cause bladder outlet obstruction. 
These membranes are believed to arise from an abnormal development of the urethral 
crests. By the eighth week of gestation, the prostatic urethra develops and at this point, the 
mesonephric and paramesonephric ducts fuse with this region of the arising prostatic ure- 
thra. When the Wolffian ducts have an abnormal implantation and fusion with the urethra, 
abnormal urethral membranes develop. According to the original classification described 
by Hugh H. Young in 1919, there are three different types of PUV, based on 21 cases that 
were evaluated endoscopically [4]. Type I, which is the most common type accounting for 
95% of the cases, presents as a thin membrane that radiates from the distal end of the verum 
montanum to the anterior urethral wall just immediately proximal to the external sphinc- 
ter. The other two types account for the remaining 5% of the cases. Type II are the least 
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common and were originally described as mucosal folds that start at the verum montanum 
and extend proximally to the bladder neck. Type III, which are the second-most common 
type, were described as circular membranes that occlude the urethral lumen transversely 
and are located at the distal to verum montanum. Cobb’s collar (also called Moormann’s 
ring) has also been considered as a type III PUV [5, 6]. 

Since Young’s classification was proposed, it has been used worldwide; nonetheless, it is 
important to highlight that some authors have opposing arguments based on the grounds 
that valves are anatomically disrupted when the urethra is catheterized immediately after 
birth and before endoscopic evaluation [7]. Also, postmortem evaluations have shown that 
all cases of PUV are caused by circular diaphragmatic membranes [8]. These findings and 
arguments suggest a change in the terminology and propose the term “congenital obstruct- 
ing posterior urethral membranes” (COPUM) [9]. 

Since the degree of obstruction varies among affected children, there is a spectrum of 
clinical presentations that vary from oligo/anhydramnios with severe pulmonary dysplasia 
and high mortality, to late detection of children with voiding dysfunction. 


Antenatal Diagnosis and Management 


PUV is one of the conditions that can and should be detected during the antenatal period. 
It is the most common cause of infravesical urinary tract obstruction [10]. Most cases can 
be detected as early as 12 weeks, but the majority will become clinically and radiologically 
evident once the kidneys start producing urine around the 16th week of gestation. The best 
time for urinary tract ultrasonographic screening is at the 20th week of gestation. There are 
some sonographic findings that suggest the presence of PUV. Bilateral hydroureterone- 
phrosis with a distended bladder or megacystis with thickened walls on a male fetus should 
always be warning signs to suspect PUV. A classic ultrasonographic finding is the presence 
of the “keyhole” sign, consisting of the larger lumen of the bladder in continuity with the 
dilated posterior urethra more caudally (Figure 18.1). 

The postnatal positive predictive value, once this classic presentation is seen, is around 
48% [11]. Nonetheless, rates of antenatal detection vary among published series. Overall, 


Figure 18.1 Prenatal maternal ultrasound of a fetus with PUV. (a) Bladder projection with classic 
“keyhole sign” (b) Bilateral hydronephrosis (axial image demonstrating more severe dilation of 
right kidney). Source: courtesy of Nicolas Fernandez, MD, PhD. 


Posterior Urethral Valves (PUV) 


Figure 18.2 Neonate with PUV and 
ascites that extends into the scrotum. 
Source: courtesy of Dr. Jaime F. Perez. 


ultrasonographic sensitivity ranges between 90 and 100%. Sequential assessment over time 
may increase the rate of detection. Other important findings that should be recorded 
include the echogenicity of the kidneys, which predicts the degree of severity of renal dys- 
function. Bladder wall thickness depends on how severely obstructed it is. The presence of 
oligohydramnios has been reported in around 50% of cases. “Pop-off” mechanisms have 
been described as protective mechanisms that correlate with better renal function [12, 13]. 
These pop-off mechanisms are: renal forniceal rupture with perirenal urinoma, bladder 
diverticuli, and bladder rupture [14]. Severe cases may present with urinary ascites 
(Figure 18.2). 

The incidence of these findings in patients with PUV has been reported to be around 
20% [12, 13, 15-17]. Differential diagnosis should include severe vesicoureteral reflux and 
Eagle Barrett Syndrome (Prune-Belly Syndrome), and urethral atresia. 

Antenatal detection allows families to be counseled and referred to tertiary centers for 
optimal perinatal management. A few centers have advanced antenatal detection for early 
intervention with the placement of a vesicoamniotic shunt or in utero cystoscopy and valve 
ablation (in those cases with favorable amniotic fluid parameters) [18-20] (Table 18.1). 
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Table 18.1 Predictive amniotic fluid variables. 


Variable Favorable 

Sodium (Na) Less than 100 mEq/l 
Chloride (Cl) Less than 90 mEq]/1 
Osmolarity (Osm) Less than 210 mEq/l 
Calcium (Ca) Less than 2 mmol/l 
Beta-2 microglobulin Less than 2 mg/l 


Current evidence fails to support the benefit of early diversion and its impact on long-term 
outcomes [21]. Nonetheless, the pressure gradient dynamics between the bladder and 
amniotic fluid, and its impact on appropriate bladder decompression once the shunt has 
been placed, have never been studied. How much of a role this may play on current out- 
comes is unknown. It has been identified that amniotic fluid pressures are higher in the 
first and second trimesters and decrease in the third trimester [22]. 

The benefit of an early referral enables multidisciplinary planning at the moment of 
delivery. Therefore, the obstetric and pediatric urology teams can prepare accordingly. It is 
ideal if the pediatric urologist can participate in any antenatal counseling. 


Pre-Operative Management in the Neonatal Unit 


At birth, management will be guided based on the severity of pulmonary dysplasia. Early 
urinary diversion includes the placement of a 5 (1.65mm) to 6 (1.98mm) Fr. urethral cath- 
eter. Some authors suggest avoiding a Foley, because the balloon irritates the bladder and 
causes severe spasms and may also occlude ureteral meatus. Nonetheless, based on Penna 
et al.’s experience with double J stent placement for urinary diversion, we currently use this 
as the standard method for urinary diversion in all cases (Figure 18.3) [23]. 

All double J stent placements are performed under ultrasound guidance in order to avoid 
leaving the proximal coil in the bladder neck or prostatic urethra (Figure 18.3). This initial 
diversion does not compromise concomitant management required from a pulmonary 
standpoint and can be left in place until the patient is clinically stable enough to be brought 
to the operating room for endoscopic valve ablation. Irrespective of the catheter used, all 
patients should receive antibiotic prophylaxis. 


Imaging Diagnosis 


Early imaging studies focus on confirming diagnosis. Early postnatal ultrasonography 
should be performed beyond the first 48 hours to avoid a false negative result secondary to 
physiological neonatal dehydration. 

There is no specific timing for performing a voiding cystourethrogram. Nonetheless, it 
should be done to confirm diagnosis and establish the presence and severity of vesi- 
coureteral reflux (Figure 18.4). It also helps in the evaluation of bladder capacity and 


Posterior Urethral Valves (PUV) 


Figure 18.3 (a) Double J stent in place in a patient with PUV with the proximal coil in the bladder. 
(b) Real-time use of ultrasound to guide double J stent placement. Arrow highlights valves with 
proximal dilated bladder neck. Courtesy of Dr. Armando Lorenzo. 


Figure 18.4 Classic findings of 
voiding cystourethrogram. Arrow 
highlights the transition point 
where valves are present. Note 
massive vesicoureteral reflux (VUR). 
Source: courtesy of Nicolas 
Fernandez, MD, PhD. 
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appearance. We have modified our protocol to perform it at the moment of surgery to avoid 
pain and parents’ distress with the study when the patient is awake. 


Surgical Management 


Current standard of care is endoscopic valve ablation, initially proposed by Young and 
McKay in 1929 [24]. Most surgeons use cold knife valve ablation, but reports using different 
cutting or ablating techniques have also been proposed, such as Bugbee or LASER ablation 
(Figure 18.5) [25]. There is no literature comparing and supporting one or the other. The 
authors used a neonatal 3Fr. cystoscope for valve ablation with a Holmium LASER fiber. 

The Bugbee electrode can be passed through a 5Fr. cystoscope, allowing the possibility of 
operating on smaller premature babies. Regardless of the type of instrument used for valve 
ablation, the standard technique suggests incision at 5, 7, and 12 o’clock to accomplish an 
appropriate ablation. Since the external (striated) sphincter is immediately distal to the 
location of valve insertion, it is important to avoid injuries that may compromise conti- 
nence. It is also important to avoid high irrigation pressures as bladder rupture and bacte- 
remia can be possible severe complications. Once valves have been ablated, it is important 
to confirm a good stream with the patient still intubated. Suboptimal ablation may require 
re-incision; immediate vesicostomy can also be performed. 

There is no evidence supporting the benefit of bladder neck resection when long-term 
bladder function is assessed. Some surgeons leave an indwelling catheter after ablation. If 
that is the case, the authors advocate leaving a double J stent in place as described above. 

Premature infants may not be immediate candidates for surgical valve ablation due to 
urethral caliber. Nonetheless, currently available cystoscopes with an 8.5Fr. (2.8mm) resec- 
toscope allow the possibility of resecting valves on premature babies. A cut-off weight of 
2000 g has been suggested to predict the possibility of performing a successful endoscopic 
valve ablation. Other authors describe a percutaneous antegrade valve ablation for prema- 
ture children as an alternative to vesicostomy [26]. Although premature low birth weight 
babies have a higher likelihood of requiring vesicostomy diversion, the long-term renal 
function outcomes have shown no difference when compared to normal birth weight 


Figure 18.5 (a) Cold knife valve ablation. (b) Verum montanum and utricle orifice with posterior 
urethral valve extending anteriorly from 9 oclock of the endoscopic surgical field. (c) Holmium fiber 
used to perform valve ablation. Source: courtesy of Nicolas Fernandez, MD, PhD. 


Posterior Urethral Valves (PUV) 


babies [27]. Early intervention should also include circumcision in order to reduce the risks 
of future urinary tract infections. When endoscopic management is not feasible, or when 
there are signs of persistent obstruction despite endoscopic management, vesicostomy cre- 
ation has been shown to be effective. Comparison between endoscopic management and 
vesicostomy has shown no significant difference in creatinine nadir [28]. 

Current evidence has proven that vesicostomy is a good method for adequate bladder 
diversion without compromising future bladder function, as it allows bladder cycling [29]. 
The most common surgical technique for vesicostomy is the Blocksom technique [30, 31] 
(see Figure 18.6). 

Other types of diversion are the supravesical ureterostomies and pyelostomies (Figure 18.7) [32]. 
There are multiple types such as distal end ureterostomies, loop, circle, and Y-Sober [33, 34]. 

In the early 1960s, there were some clinicians who advocated for high urinary diversion 
with the creation of ureterostomies based on the persistent dilated ureters and clinical 
signs of poor upper tract drainage and stasis. Subsequent publications reporting the mid- 
and long-term follow-up of patients with upper urinary tract diversions, showed a 
detrimental effect on bladder function with no improvement in renal function deteriora- 
tion [35, 36]. Due to these reports and others, the use of upper tract diversion as a routine 
practice has slowly been abandoned. Current supporters of high urinary diversion consider 
its use if no decrease in creatinine is seen after five days after lower diversion, with the 
belief that a thick bladder may be obstructing ureteral drainage. 


Figure 18.6 Blocksom vesicostomy 
on a neonate with posterior urethral 
valves. Source: courtesy of Nicolas 
Fernandez, MD, PhD. 
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Figure 18.7 Radiologic image of a 
retrograde pyelogram on a patient 

with Y-Sober ureterostomy. Source: 

courtesy of Nicolas Fernandez, 

MD, PhD. 


Post-Operative Management and Long-Term Outcomes 


After valve ablation or vesicostomy creation, it is very challenging to establish whether persis- 
tent hydronephrosis or persistently elevated serum creatinine are due to inadequate diversion 
or a true nadir. Usually, hydronephrosis tends to take some time to improve after diversion. 
The concept of persistent obstruction at the ureterovesical junction due to a thick bladder is 
rare, as this is only present in 4% of the cases [37]. The lack of creatinine improvement may be 
due to established renal dysplasia that will not improve despite further diversion. Some centers 
use post-operative voiding cystourethrography (VCUG) to confirm successful ablation. 
We only consider it if the patient’s clinical picture suggests the persistence of obstruction. 

A recent debate has focused on the fact that some literature suggests that despite early 
diversion, there is no impact on reducing long-term development of chronic kidney disease 
and end-stage renal disease (ESRD). Current literature supports the creatinine nadir as a 
prognostic indicator for ESRD development [38]. Patients with creatinine higher than 
0.8 mg/dl (75 pmol/l) have a higher risk of early ESRD [39]. 

Irreversible renal damage may occur as an early event in utero, explaining why some 
patients do not benefit from early vesico-amniotic shunt placement. Nonetheless, long- 
term bladder care (appropriate evacuation with low pressures) might be as important as 
urinary diversion in preserving renal function. 


Management of Valve Bladder Syndrome 


Current improvement in antenatal detection and initial aggressive management has 
improved patient survival. Although most cases will still develop ESRD, the possibility 
of performing renal transplant on these PUV patients has become more common over 


Epispadias, Bladder and Cloacal Exstrophy 


the last decades and the key to a better outcome with low rejection rates is an appro- 
priate bladder management. 

A number of patients, who suffered from PUV and were ablated as neonates, will still 
develop persistent renal obstruction due to high bladder pressures and poor emptying [37, 
40]. It is not uncommon to see an increase in voiding volumes due to renal dysplasia and 
poor urine concentration. These high urine volumes may not be efficiently evacuated by 
the affected rigid “valve bladder.” At this point in the natural history of PUV, children will 
start presenting with urinary incontinence, enuresis, urinary tract infections, and renal 
function deterioration. Unlike renal function and early valve ablation, bladder function has 
been preserved with early urinary diversion when compared to late diversion [41]. 


Epispadias, Bladder and Cloacal Exstrophy 


This group of conditions represents one of the most challenging urogenital congenital 
anomalies, caused by an abnormal migration of mesenchymal cells into the cloacal mem- 
brane [42]. The lack of normal migration creates a fragile cloacal membrane that can rup- 
ture. The timing of the rupture during morphogenesis creates a spectrum of presentation 
with the least severe being epispadias and the most severe cloacal exstrophy. The latter is 
also known as omphalocele, exstrophy of the bladder, imperforate anus, and spinal abnor- 
malities complex (OEIS). 

The prevalence of bladder exstrophy has been reported to be 2.07 per 100000 newborns 
with a variation between surveillance systems of 0.52-4.63 [43]. For cloacal exstrophy, the 
estimated prevalence has been reported to be 1 in 200000 newborns [44]. 


Antenatal Diagnosis 


Exstrophy can be detected with prenatal ultrasound. Suspicion for this diagnosis is made 
based on the presence of: (i) no bladder cycling during serial ultrasounds (empty bladder); 
(ii) low implantation of the umbilical cord in the abdomen; (iii) presence of omphalocele; 
(iv) small genitals; and (v) abnormal pelvic bone structures. A sign that has been described 
as suggestive of cloacal exstrophy, is the “elephant-trunk-like” sign when the prolapsed 
terminal ileum is seen [45]. Nonetheless, despite being a major anomaly with significant 
disability, only one-quarter of the cases are detected with antenatal ultrasound screen- 
ing [46, 47]. Most reported cases have been identified around the 20th week of gestation. 
The appearance on physical examination is shown in Figure 18.8. 

In cases of high suspicion, a Magnetic Resonance Imaging (MRI) can be performed for a 
more detailed description of the fetal anatomy. 

It is important to note that cloacal anomalies are associated with spinal dysraphism and 
other severe anomalies such as heart defects [48, 49]. 


Initial Management in Neonate Unit 


The ideal scenario includes antenatal detection and referral to a specialist center. Delivery 
should be planned, and the multidisciplinary team should be available and ready to take 
care of the newborn [50, 51]. Obstetricians should be aware that upon cord ligation, they 
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Figure 18.8 (a) Epispadias demonstrating dorsal urethral plate, (b) bladder exstrophy with bladder 
mucosa visible above epispadiac penis, and (c) cloacal exstrophy with colonic mucosa splayed out 
below omphalocele. Source: courtesy of Nicolas Fernandez, MD, PhD. 


should avoid plastic umbilical clamps that may injure the bladder plate. Cord ligation 
should be done with a 2-0 silk or a rubber band. 

The bladder should be covered at all times with a non-adherent plastic film such as 
Saran Wrap. 

Gender assignment in cloacal exstrophy cases is challenging. This is when a multidisci- 
plinary approach is of critical importance [52]. Karyotype will guide the surgical planning 
and how to counsel families throughout the process. We have found it very useful to use 
rapid KaryoFISH to more quickly obtain results of the chromosomal sex. 

Neurosurgery will proceed with spina bifida repair as soon as the patient is stable enough. 
Other associated anomalies should be studied and treated accordingly. As important as a good 


Epispadias, Bladder and Cloacal Exstrophy 


surgical team, a good childcare and family support team is necessary. The process should 
begin with prenatal counseling. Immediate support after birth is of critical importance, con- 
sidering that families will be dealing with a lot of information and challenging decisions [53]. 


General Principles for Surgical Repair 


General principles for reconstruction include: (i) abdominal wall closure; (ii) pelvic bone 
closure; (iii) continence (bladder neck reconstruction with acceptable bladder capacity 
and compliance); and (iv) genital reconstruction. There are two main surgical trends. One 
favors a complete primary repair in the neonatal period and the other supports a staged 
repair [54-56]. Irrespective of technique and although some bladder plates may look 
small, a successful bladder closure has shown good bladder capacity on follow-up [56]. 
Continence may be achieved with the help of bladder neck reconstruction. The two most 
common procedures for bladder neck reconstruction are the Young-Dees-Leadbetter and 
Pippi-Salle techniques [57, 58]. Continence may also benefit from an appropriate pelvic 
bone closure [59]. Patients who have had successful primary repairs have a better conti- 
nence prognosis [60]. 

Management of epispadias is rarely performed in the neonatal period. Bladder closure 
aims to allow the bladder to cycle and increase its capacity. Ideally, if needed, bladder neck 
reconstruction should be performed when patients are mature enough to go through potty 
training. Some authors have proposed the use of pre-operative testosterone. Recommended 
protocols use a dose of 2 mg/kg five weeks and then two weeks prior to surgery [61]. The 
two most common techniques for epispadias repair are the Cantwell-Ransley repair and 
the Mitchell-Bagli technique [62, 63]. 

Cloacal exstrophy closure may be more challenging and includes closure of the ompha- 
locele and creation of a colostomy and closure of hemi-bladders [64]. Some groups have 
attempted a complete repair in a single stage, depending on how stable the patient is during 
surgery and how feasible it is given patient’s anatomy. 

Since patients with cloacal exstrophy present with other anomalies like spina bifida, 
development of neurogenic bladder is possible. Approximately 30% of cases do have spina 
bifida. This specific association may increase the need for future procedures such as aug- 
mentation cystoplasty and possible Mitrofanoff. 


Post-Operative Considerations 


Immediate post-operative care requires admission to the intensive care unit. All 
patients should undergo aggressive multimodal post-operative pain control including 
epidural catheters. Long-term studies have shown that neonates who have been exposed 
to painful experiences with suboptimal pain control have lower pain tolerance and 
thresholds when older [65]. Since most of these operations are performed at an early 
age, narcotics may not be the first line of treatment due to their central respiratory 
depressive effects. The authors prefer to keep patients intubated, relaxed and sedated 
during the first 24-48 hours after surgery, with the additional benefit of avoiding 
increased abdominal pressure when crying. Early feeding should also be an important 
part of early recovery [66]. 
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Neonatal Testicular Torsion 


Torsion that occurs during the perinatal period and until the first 30 days of life [67] (perinatal 
testicular torsion) has an incidence of 6.1 per 100000 male newborns [68, 69]. It is estimated 
that about 70% of cases occur in utero, with the remaining 30% during the neonatal period [70]. 
The pathophysiology of neonatal testicular torsion (NTT) is “extravaginal” torsion of the 
tunica vaginalis including testicle and epididymis. Some reports have presented cases of 
intravaginal torsion, which is more common during puberty and early adulthood. Vaginal 
delivery has been identified as a risk factor. It is believed that pressure at the birth canal gen- 
erates tunica vaginalis torsion due to its loose attachment to the cremasteric muscle. 
Healthcare providers involved in the immediate neonatal care after delivery should be trained 
to improve early detection, as this may increase salvage rates [71] (Figure 18.9). Incarcerated 
inguinal hernia should always be considered as a differential diagnosis. 

Since NTT is a rare event, and undiagnosed cases are not included in published series, it 
is virtually impossible to know the exact prevalence and salvage rates. The literature reports 
an estimated 5% salvage rate when an early diagnosis is made [72]. The lack of robust evi- 
dence creates a debate around whether or not immediate exploration is indicated, and the 
benefits of performing early surgery. Some authors favor immediate scrotal exploration 
and contralateral orchiopexy, considering the high risk of asynchronous contralateral 
torsion and development of anorchia. Opposing positions consider active surveillance as 
the care of choice, taking into account the risk of general anesthesia plus the unusual 


Figure 18.9 Left-side Neonatal testicular torsion. Patient is explored and contralateral orchiopexy 
is performed with the patient awake under regional caudal anesthesia. Source: Nicolas Fernandez, 
MD, PhD. 


Disorders of Sex Development 


possibility of an asynchronic torsion that presents in 4% of cases. We have implemented a 
protocol of regional/local anesthesia during surgical exploration for the management of 
NTT with good results while the neonate is awake. This approach avoids the need for gen- 
eral anesthesia and its possible neurotoxicity. 

Based on a recent meta-analysis by Monteilh et al., the most common practice is to per- 
form immediate bilateral surgical exploration and contralateral orchiopexy. The decision 
about orchiectomy varies among surgeons. In general, this approach benefits 12% of the 
cases, preventing devastating effects of asynchronous torsion [69]. 

If a decision is made to take the patient to the operating room, several areas have generated 
debate. Should the affected testicle be explored? If so, depending on viability, should it be left 
in place or removed? Some authors believe that despite torsion, testicles may maintain endo- 
crine function. For that reason, removal may have adverse effects [73]. The counter-argument 
supports orchiectomy, considering the future risk of infection or malignancy. More studies will 
be needed to support these decisions and make specific recommendations. 


Disorders of Sex Development 


The term “disorders of sex development” (DSD), proposed by consensus in 2006, describes 
a group of conditions characterized by abnormal genital, chromosomal and gonadal devel- 
opment [74]. It has been estimated that DSD prevalence is 1 per 4500 newborns [75]. 
Prenatal detection has a high variability that depends on each center’s experience and 
ranges from 24 to 40% of their cases [76]. Prenatally detected cases should be referred to 
centers with a multidisciplinary team that can start management during the prenatal 
period. High likelihood cases can be offered fetal circulating DNA testing at 4-5 weeks of 
gestation, chorionic villus sampling at 10-12 weeks, and amniocentesis at 12-14 weeks to 
guide diagnosis. Specific conditions, such as congenital adrenal hyperplasia (CAH) in a 
female fetus, may benefit from dexamethasone treatment during pregnancy in order to 
reduce virilization [77]. If no genetic diagnosis is made, the chances are that seven out of 
eight babies are unnecessarily treated. More recently, there is the possibility of genetic diag- 
nosis of CYP21A2 mutations on fetal cells circulating in the mother’s plasma [78]. 

Patients with CAH detected at birth should be assessed immediately by a multidiscipli- 
nary team in order to establish an appropriate management plan [1]. A physical examina- 
tion should be performed with special attention to describing the anatomy without 
assignment or conclusions about the gender. An example of notation follows: “Genital 
tubercle (instead of penis or clitoris), labioscrotal folds, urethral plate, gonads.” Other asso- 
ciated anomalies should always be considered and ruled out, because these factor into the 
discussion about surgical intervention, prognosis, and treatment. 

Immediate evaluation is needed to rule out lethal conditions. The most common is salt- 
wasting adrenal hyperplasia. For that reason, all newborns need a basic metabolic panel, 
karyotype, and 17$-hydroxyprogesterone. Because the results of a karyotype may take 
some days, we have implemented the use of karyoFISH, which is quicker and may give 
initial useful information [79]. This does not replace the high-resolution karyotype. It is 
very important to highlight that karyotype should be done on at least 50 metaphases, 
because a mosaicism may not be detected if fewer metaphases are analyzed. 
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The strategy of early detection is to reduce the risk of lethal hyponatremia. Patients 
should be started on oral hydrocortisone at 10-15 mg/m”/day BID. Fludrocortisone should 
be started at 0.1mg/day. Early treatment, including prenatal dexamethasone, reduces 
immediate complications and in one report has shown a positive effect on psychometric 
intelligence and executive functions in adolescents with CAH [80]. 

Given the wide range and complexity of conditions included as disorders of sexual devel- 
opment, specific management of each condition is beyond the scope of this chapter. 


Female Genital Masses 


Inter-labial masses may not always require an emergent consultation for the pediatric urol- 
ogist. Nonetheless, given the differential diagnosis of possible malignancy or conditions 
requiring surgical management, it is imperative that these patients are seen as soon as pos- 
sible. A careful physical examination may be sufficient to make an accurate diagnosis. 


Paraurethral Cysts 


At birth, an inter-labial mass may present secondary to the obstruction of Skene’s glands, 
usually presenting at the lateral aspect of the meatus between 3 and 9 o’clock. Exact preva- 
lence may be under-reported, as many of these cysts are asymptomatic and elude detection. 
Depending on how big the cyst is, it can cause displacement of the urethral meatus but rarely 
obstruction of the lumen. Cysts are usually covered with genital mucosa which may show 
small vessels with a whitish or yellowish background (Figure 18.10). Theses cysts do not 
change in size and rarely require drainage [81]. Spontaneous resolution is the usual outcome. 
Parents need to be counseled and reassured that with time, it will improve on its own. 


Ureterocele Prolapse 


Ureteroceles close to the bladder neck may prolapse through the urethra and be seen on 
physical examination (Figure 18.11). The lesion is seen as a bulging mass that can be pink 
or purple depending on congestion. Size varies but tends to cover the entire introitus, dis- 
torting normal anatomy and making it impossible to see the urethral meatus [82]. It is more 
common in white females during infancy [83]. Although rarely seen in neonates, bladder 
outlet obstruction is an emergency and requires immediate management with urethral 
catheter placement. Reduction on physical examination may be challenging and painful. 
Under general anesthesia, reduction and ureterocele puncture may be sufficient. The 
majority of cases present with duplex systems and require further studies of the upper tract. 


Urethral Prolapse 


Neonatal presentation of prolapsed urethral mucosa is uncommon (see Figure 18.12). Its 
most frequent presentation is at the age of five in black girls [84]. The exact cause is 
unknown, but constipation may be associated. It is seen as a beefy-red friable tissue with a 
doughnut shape that bleeds easily to touch (see Figure 18.13). 
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Figure 18.10 Paraurethral cyst secondary 
to Skene’s glands obstruction. Source: 
courtesy of Dr. Jaime F. Perez. 


Figure 18.11 Prolapsed ureterocele causing urinary retention on a 12-hour neonate with 
oligohydramnios. Endoscopic image of the ureterocele protruding through bladder neck. 
Source: courtesy of Nicolas Fernandez, MD, PhD. 
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Figure 18.12 Prolapsed ureterocele with 
some mucosal congestion and urinary 
retention at birth. Source: courtesy of 
Nicolas Fernandez, MD, PhD. 


Figure 18.13 Prolapsed urethral mucosa. 
Beefy-red friable to touch. Source: courtesy 
of Dr. Jaime F Perez. 


Female Genital Masses 


Most cases can be treated with topical estrogens, and when recurrent, surgical interven- 
tion may be required. Some surgeons leave a urethral catheter in place to reduce discom- 
fort, allowing resolution of edema and congestion. 


Urethral Polyps 


These are very uncommon lesions that arise from the urethra and extend beyond the introi- 
tus. They usually have a pedunculated form and may bleed. The majority present as a single 
lesion (see Figure 18.14), so they should not be confused with other malignant lesions such 
as sarcomas. Cases that may not be big enough to be visible during physical examination 
may cause intermittent and recurrent episodes of urinary retention [85]. 


Sarcoma Botryoides 


Malignancy is always part of the differential diagnosis when dealing with genital masses in 
the newborn female. One of the most important is embryonal rhabdomyosarcoma (ERMS), 
also known as sarcoma botryoides. Classically described as a “bunch of grapes,” it repre- 
sents a fleshy mass arising from the vagina or urethra. Really uncommon in neonates, it 
presents most frequently around four to five years of age. This malignancy has an excellent 
prognosis with early and appropriate management [86]. 

With new advances in antineoplastic agents and international cooperative groups, 
aggressive surgery has been replaced by combined organ-sparing and chemotherapeutic 
approaches [87]. The Intergroup Rhabdomyosarcoma Study Group (IRSG) changed the 
standard of care establishing the use of vincristine, actinomycin D, with or without 
cyclophosphamide, as the protocol of choice. 


Figure 18.14 Urethral polyp. Pedunculated lesion that extends beyond the introitus. Source: courtesy 
of Dr. Jaime F Perez. 
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Figure 18.15 Imperforated hymen. Bulging whitish mass with and intact urethral meatus. Source: 
courtesy of Nicolas Fernandez, MD, PhD. 


Imperforated Hymen 


The presence of a whitish central bulging mass can be seen at birth when an imperforated 
hymen causes muco-colpos (Figure 18.15). Accumulation can be significant causing ante- 
rior displacement of the bladder with some degree of bladder outlet obstruction. 
Spontaneous rupture and drainage are also possible. Most surgeons favor bedside drainage, 
while others leave it untreated if not severe [88]. With improvements in prenatal detection, 
it is not uncommon for it to be detected on ultrasound prior to delivery. If other anomalies 
are present (postaxial polydactyly and congenital heart defects), the diagnosis of McKusick 
Kaufman Syndrome needs to be ruled out [89]. 


Conclusions 


Neonatologists, pediatricians, and urologists need to be aware of these conditions, as their 
appropriate timely diagnosis may significantly improve the patient’s prognosis. A decision to 
operate should always be balanced with the possible risks and outcomes. Nonetheless, aggres- 
sive management has been shown to improve patients’ conditions in most pathologies, and 
pediatric urologists need to be involved advocates and team leaders in the care of these patients. 
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Urologic Emergency Care in the COVID-19 Pandemic Era 
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The COVID-19 pandemic has placed unprecedented strain on health care systems 
throughout the world, requiring a delicate balance of providing appropriate and necessary 
health care while emphasizing public health preventative measures to minimize virus 
transmission. Though the global medical community quickly enacted protocols to escalate 
care for the critically ill with healthcare workforce and resource mobilization, access to 
healthcare for other acute, chronic, and emergent conditions may have been strained as 
part of this restructuring. Further, local and national public health measures, such as stay- 
at-home orders as well as patient hesitation to seek medical care during a pandemic, likely 
contributed to lapses in standard of care management of chronic conditions and delays in 
presentation of acute and emergent conditions. As the COVID-19 pandemic continues to 
evolve, the impact on the presentation and management of urologic conditions is becom- 
ing evident and may have long-term implications for our patients. In this brief chapter we 
review the initial response of urologists from a variety of settings, the impact on care deliv- 
ery at several academic settings, as well as predications on the long-range impact of care 
deferral on population health. 


Immediate Responses of Urology Departments 


Faced with the rapid upswing in COVID-19 cases during the month of March 2020 (see 
Figure 19.1 for Washington State), health systems in the United States, in parallel with 
those in Europe, began planning for a dramatic change in work dictated by resource 
constraints, restrictions on elective surgical cases, and protection of their workforces. 
Incident Command Centers were established at all major hospitals to implement the enor- 
mous numbers of changes to day-to-day operations. Each hospital and practice was forced 
to assess stocks of personal protective equipment (PPE) and redeploy healthcare workers to 
Emergency Departments, Intensive Care Units, and other “front line” responsibilities. 
Enunciating ethical rationale for redeployment, based on a “duty to care” allowed our 
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Figure 19.1 COVID-19 case rates in Washington State, March—-October 2020. Institute for Health 
Metrics and Evaluation, accessed October 24, 2020 at https://covid19.healthdata.org/united- 
states-of-america/washington?view=total-deaths &tab=trend 


institution and many others to create lists of attending and housestaff physicians and 
advanced practice providers willing and able to redeploy [1]. The numbers of individuals 
deployed, and responsibilites assigned, varied dramatically based on rates of COVID-19 
transmission, ED and ICU occupancy, and population demographics. 

Urology Departments around the world developed systems to protect the workforce 
and patients from high risk and COVID-19 positive patients. The Society of Academic 
Urologists hosted Roundtable webinars to disseminate information and share best 
practices on the administrative and educational challenges of the pandemic [2]. These 
ranged from establishing chains of command and decision-making to protection of 
workforce, protection of learners and the learning environment, and patient triage sys- 
tems. Because of the high numbers of potential COVID-19 patients presenting to 
Emergency Departments, specialty services like urology devised strategies to expedite 
specialist consultation, as well as physical separation of these lower acuity patients from 
the COVID-19 section. One in particular, the Kaiser Permanente LA Medical Center, 
physically restructured speciality consultation to one area of the ED, and designated 
urologists to perform primary assessments of acute urologic emergencies under condi- 
tions of high COVID census (see Figure 19.2). 


Surgical Triage 


In March 2020, surgical services across the western United States rapidly ceased elective 
surgery in response to PPE shortages and state Executive Orders, as well as recommenda- 
tions from professional organizations. The American College of Surgeons called for a 
cessation of elective surgery as early at March 13, and on March 17 issued triage guidance 
for non-emergent surgical care [3]. These recommendations had substantial impact of 
surgical volumes, which varied by speciality. Within our own department, the delivery of 


Surgical Triage 


ED physicians for COVID-19 patients and non-ED Specialists Phase 1 (up to 120 patients per 
for non-COVID-19 patients day): 


» Normal operations 


Ter EE SEA 


Phase 2 (up to 145 patients per 


day): 
' * Add physician pool Orthopedics, 
A sre Tern J 5 : Pediatrics, and Anesthesia airway 
2 = isd 445 4 } team to ED 
s ae TO sidan ig a G 
a a ni A Poos ` } 
Foa (o Phase 3 (165+ patients per day): 


« Physician specialty pool to cover all 
non-COVID 19 patients, including 
Neurology, Acute Care Surgery, 
Urology, HNS, Cardiology, 
Gastroenterology, Nephrology, ani 
OB/GYN O 


Figure 19.2 Diagram of physical layout and criteria for specialty consultation prepared by Kaiser 
LA Medical Center leadership. Note “Red Zones” for COVID-19 related symptom triage and separate 
“Green Zones” designated for non-COVID-19 patients along with guidance for initiating direct 
urologic consultation. Source: courtesy of Polina Reyblat, MD, Crisis Command Center, Kaiser 
Permanente, Los Angeles with permission. 
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Figure 19.3 Clinical activity including outpatient and surgical cases as measured by work relative 
value units (WRVU) and subspecialty within UW Medicine Department of Urology. Note the total 
reduction in volumes (y-axis, wRVU) by month with a nadir in April 2020 and a rebound in June 
2020 reflecting a backlog of untreated surgical cases, and return to baseline levels of clinical 
activity. ALL subspecialties experienced reduced volumes, with the degree of reduction and time to 
recovery varying substantially. APP: advanced practice provider. 


emergency surgery for trauma, infection (e.g. necrotizing soft tissue infection, complicated 
UTD, and urinary obstruction required continuous deployment of on-call teams. Most 
elective surgery was canceled, with the exception of selected patients with active urinary 
stone disease and those with high risk malignancies (e.g. aggressive bladder, kidney, and 
other cancers) [4]. The variation in the amount of clinical care (in particular surgery) 
delivered by each urologic subspecialty also reflects variation in hospital policies and 
access to PPE (see Figure 19.3). 
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Telemedicine 


Telemedicine evolved as an important means to sustain essential patient care during the 
pandemic, with additional benefits of protecting patients and healthcare providers and 
their staff from potential exposure. The rapid adoption in the US, abetted by liberalized 
state licensing decisions and Medicare payments, will permanently change care delivery 
and accelerate the digitalization of healthcare [5]. The trends in outpatient encounters (see 
Figure 19.4) for the Department of Urology at UW Medicine reflect events in many surgical 
practices. The near complete cessation of in-person office visits in March and April of 2020, 
with a commensurate rise in telemedicine and telephone visits, allowed continued access 
to care for approximately 50% of normal outpatient visit volumes. The eventual drop off 
in telephone encounters reflects implementation of video teleconferencing as well as 
the lower reimbursement compared to telemedicine consults. The ability to rapidly con- 
vert in-person visits to telemedicine visits will be key to managing successive waves of 
COVID-19 infection, when rising rates of transmission may require stay-at-home orders, as 
well as when members of the healtcare team must quarantine as a result of workplace or 
social exposure to the coronavirus. 


Consequences of COVID-19 on Urologic Care 


Deferred care as a result of COVID-19 will impact every specialty of medicine and surgery, 
and these may be far reaching. Delays in care for urologic emergencies such as acute uri- 
nary tract obstruction, hematuria, nephrolithiasis, urologic trauma, and other conditions 
covered in this book can have severe sequelae including compromised renal function, 
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Figure 19.4 Outpatient visit volumes by type within UW Medicine Department of Urology. Note 
previous nominal use of telehealth prior to March 2020. 


Consequences of COVID-19 on Urologic Care 


Table 19.1 Urgent and emergent urological patients, mean (standard deviation), ANOCA. 


Reference COVID-19 COVID-19 COVID-19 
week week 1 week 2 week 3 p value 


Emergent/urgent cases, total 35.4 (24.3) 20.3 (15.3) 17.8 (14.2) 10.8 (11.8) <0.001 


Emergent/urgent cases in 8.7 (7.4) 4.4 (4.1) 3.6 (3.3) 3.4 (3.8) <0.001 
surgery, total 


Cases by type 
Haematuria 7.1 (5.7) 4.3 (3.5) 3.4 (2.8) 2.2 (2.3) <0.001 
Urinary retention 6.3 (5.7) 3.8 (3.6) 3.3 (3.2) 1.9 (2.4) <0.001 
Urinary tract infection 4.4 (3.5) 2.2 (2.3) 2.2 (2.4) 1.1 (1.7) <0.001 
Scrotal pain 3.7 (4.0) 2.1 (2.3) 1.6 (1.8) 0.9 (1.2)  <0.001 
Renal colic 10.9 (6.9) 7.1 (6.2) 6.3 (5.4) 3.9 (4.8)  <0.001 
Trauma 0.7 (0.8) 0.4 (0.8) 0.4 (0.6) 0.2 (0.6) 0.158 

Emergency operating 

facilities 
Endourology (URS, 5.0 (4.2) 2.9 (2.4) 2.2 (1.9) 2.2 (2.4) 0.002 
ureteral stenting) 
Transurethral resection of 2.3 (3.0) 0.9 (1.9) 0.9 (1.6) 0.8 (1.3) 0.023 
bladder tumor 
Urethrotomy 0.5 (0.8) 0.3 (0.6) 0.1 (0.5) 0.1 (0.4) 0.081 
Testicular detorsion 0.8 (0.8) 0.4 (0.8) 0.2 (0.5) 0.2 (0.4) 0.006 


Bold indicates statistical significance (p < 0.05). COVID-19, coronavirus disease 2019; URS, ureteroscopy. 
Drawn from Reference 6, with permission. 


life-threatening infection, and lifelong disability in voiding and sexual function. As such, 
several institutions, particularly in Europe, have sought to investigate changes in emer- 
gent presentations and procedures in the setting of the COVID-19 pandemic. The AGILE 
group, a large multicenter collaborative in Italy, reported a significant decrease in cases 
of hematuria, urinary retention, urinary tract infection, scrotal pain, and renal colic 
during the first several weeks of the COVID-19 pandemic compared to the prior year 
(see Table 19.1). They similarly showed a significant decrease in emergent urologic proce- 
dures performed during this timeframe [6]. Further, a retrospective study comparing uro- 
logic consultations in the ED at Padua University Hospital (Italy) in February and March 
of 2020 to the same months in 2019 demonstrated an approximate 60% reduction in total 
and daily average consultations, as well as a significant reduction in the number of inva- 
sive procedures performed [7]. In terms of the impact of the pandemic on management of 
nephrolithiasis, multiple studies have demonstrated a higher complexity of patient pres- 
entations with higher rates of positive urine cultures, antibiotic requirement, need for 
percutaneous nephrostomy tube placement over ureteral stent placement, and length of 
hospital stay [8-10]. Though these data focus on changes in care observed during the 
height of the pandemic, likely when the most stringent virus containment strategies were 
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in effect, it is evident that the COVID-19 pandemic has contributed to significant variation 
in the presentation of emergent urologic conditions; however, the short- and long-term 
implications remain to be investigated. 

In addition to the total burden of deferred urologic care, the pandemic also has uncovered 
disparities in impact of the disease by race, ethnicity, and other factors [11]. We assessed 
rates of ED access and overall urologic healthcare visits during the period before and dur- 
ing the COVID-19 pandemic. Preliminary analysis demonstates a reduction in frequency 
of urologic care-seeking early in the pandemic, with a slight rebound as time went on 
(unpublished data.) This finding parallel’s results shown in Figures 19.3 and 19.4. Notably, 
the concurrent increase in telemedicine use during the pandemic also may create health 
disparities related to access to technology. Future analyses will focus on detailed trends 
with care access and utilization by demographic groups and urologic subspeciality. 


Conclusions 


The COVID-19 pandemic affects every aspect of healthcare and will have a lasting impact 
on many facets of urologic patient care. The reduction in access to outpatient consultation 
and elective surgery will translate into more complex management due to deferred care; 
delays in cancer screening; a reduction in routine and emergency diagnostic studies that 
detect serious urologic conditions; lower case numbers for trainees; and challenges for 
clinical trials and basic research. The collaboration and innovation required to meet patient 
needs and protect healthcare workers will yield important advances including digitaliza- 
tion of the outpatient and inpatient environments, remote care delivery, and new clinical 
trials approaches. Further research is needed on vulnerable populations that may have 
experienced greater impact from COVID-19 illness, access to telemedicine, as well as a 
larger burden of deferred care of non-emergent urologic conditions. 
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